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INTRODUCTION 
Nitrogen is often a major limiting factor in crop and 
pasture production. Production of N fertilizer is largely 
dependent on fossil-fuel energy, and its intensive usage may 
result in groundwater nitrate pollution. Public concern 
about these issues has renewed the need for a better 
understanding of biological N2 fixation in agricultural 
production systems. 
Nitrogen inputs and losses in natural grassland 
ecosystems are usually low despite their diverse nature. 
Large quantities of N are needed to sustain intensive 
production systems; however, large N losses may occur. 
Application of N fertilizers to temperate grasses results in 
linear yield increases up to levels of 300 kg ha ^ of N 
depending on species and supply of other growth factors 
(Templeton, 1976). On the other hand, most of the N 
requirements of legumes can be met by N2 fixation via their 
symbiotic association with Rhizobium bacteria, and pure 
legumes show little yield response to N fertilizers. 
Legume:grass associations play an important role in 
forage-animal production systems. When grazing legume:grass 
mixtures compared to fertilized grasses both improved animal 
performance and reduced needs for N fertilizers have been 
reported. Many times grasses grown in association with 
2 
forage legumes are N-limited in spite of the N2 fixation 
capability of legumes. Maximizing legume N2 fixation and 
transfer is a prime target to improve productivity and 
quality of mixtures (Phillips et al., 1986). The 
relationships between legumes and grasses in mixtures is 
complex, and plant interactions of diverse nature are always 
present (Donald, 1963). Environmental and managerial 
factors directly influence the legume N2 fixation system and 
indirectly, they affect competitive or noncompetitive 
interactions between legumes and grasses. 
There are insufficient data quantifying legume:grass 
proportion effects on N2 fixation and on N transfer from 
forage legumes. It has been shown that the presence of a 
grass decreases available soil N and stimulates the 
development of the N2 fixation system in legumes (Vallis et 
al., 1967). A negative linear relationship between 
proportion of legume N2 derived from fixation and percentage 
alfalfa in the mixture has been described (West and Wedin, 
1985). Information is lacking for other species and for a 
broader range of percentage legume in the mixture. Both 
scarce and contradictory reports are common respect to the 
extent of N transfer from field-grown legumes to associated 
grasses. Field research assessing transfer in economically 
important legume:grass associations is needed. 
The objectives of this field study were 1) to evaluate 
3 
legume:grass ratio effects on fixation of white clover 
(Trifolium repens L.), red clover (Trifolium pratense L.), 
and birdsfoot trefoil (Lotus corniculatus L.), each grown 
with tall fescue fFestuca arundinacea Schreb); 2) to 
estimate N transfer from the three legumes to the associated 
tall fescue; 3) to evaluate N fertilizer effects on N2 
fixation and transfer in the seeding year or in established 
swards of these species; and 4) to study legume and N 
fertilizer effects on soil N. 
4 
LITERATURE REVIEW 
Measurement of Dinitrogen Fixation and Transfer 
Several methods are used to estimate the amount of 
symbiotically fixed by plants. A discussion of the 
principles and assumptions involved is imperative to avoid 
misinterpretations of experimental results. The methods 
that are useful for quantitative field estimations and which 
will be discussed here are the N difference method (NDM), 
acetylene reduction method (ARM), and several isotopic 
methods. 
Nitrogen difference method 
The NDM is the oldest and most simple procedure used to 
estimate N^ fixation (Lyon and Bizzell, 1934). The amount 
of N in the aboveground portion of a nonfixing or reference 
crop is subtracted from the total aboveground plant N of the 
fixing plant. Root N of both plants can be included in the 
calculations improving the validity of the estimation. This 
is not usually the case, however, due to difficulties in 
harvesting root systems of field-grown plants. The 
reference crop used is either a nonnodulating or ineffective 
nodulating isoline, a nonleguminous crop, or less often, 
noninoculated plants of the fixing crop. 
5 
The primary assumption made in the NDM is that the 
fixing and reference crops contain the same amount of soil 
derived N. For this assumption to hold, both crops must 
have the same ability to absorb N, explore the same soil-
rooting volume, and have similar N accumulation patterns 
over time. When only tops are harvested, both crops need to 
have the identical N distribution between tops and roots 
(Weaver, 1986) . 
Practicality and low cost are the main advantages of 
the NDM, and are main reasons for extensive use in forage 
and grain-crop N^-fixation research (LaRue and Patterson, 
1981; Whitehead, 1970). As a direct consequence of the 
calculation procedure N2 fixation estimations become yield-
dependent. Thus, environmental factors, diseases, or pests 
that affect differentially the growth of fixing or reference 
plants will influence N2 fixation estimates. The facts that 
(1) the assumption of similar soil N absorption does not 
often hold, and (2) the yield dependence of N2 fixation 
estimations, make this method the least desirable choice for 
field studies. Not only the estimation of fixation may be 
wrong, but experimental error is usually the highest of all 
methods (Broadbent et al., 1982; Rennie, 1984; Talbott et 
al., 1982; Weaver, 1986). 
The NDM often underestimates N2 fixation because the 
reference crop usually absorbs relatively more soil N than 
6 
the fixing crop (Hardy and Holsten, 1978; Henson and 
Heichel, 1984; Papastylianou, 1987; Rennie, 1984; Rennie, 
1986a; Williams et al., 1977). Sometimes, however, because 
of a particular combination of fixing and reference crops, 
soil characteristics, or even unknown reasons, similar 
estimations of N2 fixation are obtained using NDM or isotope 
dilution methods (Broadbent et al., 1982; LaRue and 
Patterson, 1981). Urquiaga and Boddey (1987) and Witty and 
Ritz (1984) suggested that agreement is mathematically 
inevitable when percent recovery of the labelled fertilizer 
is similar for reference and fixing crops. Thus, contrary 
to what Fried and Broeshart (1975) suggested, NDM and 
isotopic methods are not always independent. 
Acetylene reduction method 
Nitrogenase, the enzymatic system that catalyzes the 
reduction of N2 to NH3 in legume root nodules, is not 
substrate specific. Hardy et al. (1968) proposed the use of 
acetylene reduction by nodulated root systems as a tool to 
estimate N2 fixation. The reduction of acetylene to 
ethylene compares at a molar ratio 3:1 to N2 reduction 
(Dilworth, 1966). The ARM has been used extensively in N2 
fixation studies with forages for plant breeding purposes 
(Connolly and O'Keeffe, 1979; Paris, 1983; Seetin and 
Barnes, 1977; Smith et al., 1981), or to investigate 
7 
management and environmental factors effects (Barta, 1978; 
Bohl, 1981; Craig et al., 1981; Halliday and Pate, 1976; 
Masterson and Murphy, 1976; Moustafa et al., 1969; Phillips 
and Bennett, 1978) . 
A specified amount of a nodulated root system, either 
soil free or from an intact soil core, is incubated for 1 to 
2 hours in an air tight container with an atmosphere which 
contains acetylene (usually 10% v/v). Gas samples are 
withdrawn and the ethylene concentration is determined by 
gas chromatography. 
The method is an indirect measurement of N2 fixation. 
Actually estimated is the total electron flux potential of 
the nitrogenase system. If estimates of N2 fixed are to be 
made from the amount of ethylene produced, an adequate 
conversion factor is needed. The theoretical ratio of 3:1 
cannot be used because of the variability in hydrogenase 
activity (H2 evolution) of nitrogenase systems (Schubert and 
Evans, 1976). Both acetylene reduction and H2 evolution 
could be measured experimentally, but the technique becomes 
much more complicated (Phillips and Bennett, 1978). Another 
disadvantage of the ARM centers on the fact that N2 fixation 
estimates are restricted to particular points in time which 
are strongly influenced by growth, environmental, and other 
factors. Therefore, repeated measurements must be performed 
throughout the crop growth cycle to reasonably integrate 
8 
these points to estimate seasonal activity (Goh et al., 
1978; Patterson and LaRue, 1983). 
Isotonic methods 
A family of procedures to estimate N2 fixation are 
15 based on the use of the N stable isotope N. The first 
isotopic technique used for estimation of N2 fixation was 
simple isotope dilution (IDM). It is still most widely used 
for studies related to forages. Isotopic techniques such as 
15 the A-value, and the N natural abundance method (NAM) 
although they are also based in the principle of isotope 
dilution, were later developed or adapted to estimate N2 
fixation in order to overcome some of the limitations of the 
simple IDM. Variations of isotopic methods also include the 
15 
use of N-depleted fertilizers, labelled organic matter, 
and slow-release labelled fertilizers. 
Isotopic methods have been used to measure legume N2 
fixation for more than 40 years (Norman and Krampitz, 1945). 
However, IDM was first developed for field use by McAuliffe 
et al. (1958), in order to estimate the proportion of legume 
N derived from fixation as well as the quantity of N2 fixed. 
This basic method has been later used with minor 
modifications (Vallis et al., 1967; Fried and Broeshart, 
1975; Fried and Middelboe, 1977). Essentially, a small 
15 
amount of an N compound enriched with N is applied to the 
9 
soil and allowed to mix with soil N pools. The degree of 
dilution of ^^N-labelled soil N by atmospheric in N2-
fixing plants compared to dilution in non-fixing plants is 
taken as an estimation of the proportion of legume N derived 
from fixation. Isotope ratios in plant tissue are measured 
by mass spectrometry or optical emission spectrometry 
(Fieldler and Proksch, 1975). The percentage of total 
legume-N derived from the atmosphere (%Ndfa) is calculated 
by solving Equation 1. 
fixing crop 
%Ndfa = ( 1 - ) X 100 (1) 
15 % N reference crop 
15 15 Where: % N = percentage N atom-excess in plant material. 
The non-fixing or reference crop is usually grown in a 
pure stand in replicated separate plots. Sometimes, 
however, the reference crop is grown in mixture with the 
fixing crop (Danso et al., 1988; Steele and Litter, 1987; 
Vallis et al., 1967; West and Wedin, 1985). When the 
reference crop is grown in separate plots, the technique 
also allows for estimation of N transfer from leguminous 
crops to grasses growing in mixture, as it was first 
suggested and used by Vallis et al. (1967). 
Fried and Broeshart (1975), and later Fried and 
Middelboe (1977), proposed the use of A-values (A^) for 
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estimation of Ng fixation. The A-value is an estimation of 
available nutrient in terms of a standard labelled 
fertilizer, and it follows the principle that plants will 
take up nutrient from two sources (soil and fertilizer) in 
direct proportion to the relative quantities available 
(Fried and Dean, 1952). A-values are calculated by Equation 
2 .  
A = B(1 - y) / y (2) 
Where: A = amount of native nutrient available in the soil, 
B = amount of nutrient applied to the soil in the 
standard fertilizer, and 
y = proportion of nutrient in plant tissues derived 
from the fertilizer. 
When A-values using a N-labelled fertilizer are 
estimated for both a fixing and a reference crop, the A-
value for the fixing crop is overestimated by an amount 
directly depending on the quantity of N2 fixed. 
Mathematical manipulations lead to Equation 3 that allows 
for the estimation of the %Ndfa and hence, if total N in the 
fixing plant is measured, to an estimation of the amount of 
N2 fixed (Fried and Broeshart, 1975). 
%Ndfa = (AFC - ARC) X %Ndff / 100 (3> 
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Where: AFC = A-value for the fixing crop, 
ARC = A-value for the reference crop, and 
%Ndff = percentage utilization of the M fertilizer 
applied to the fixing crop. 
When the amount of labelled fertilizer-N applied to the 
fixing or reference crops are the same, the mathematical 
formula to calculate N2 fixation by the A-value method 
becomes identical to the one used in the IDM (Fried and 
Middelboe, 1977) . 
Slight isotopic discrimination in soil chemical and 
biological processes results in a slight but continuous 
increase in the ratio of soil N. Thus, soils 
provide a naturally enriched medium to measure N2 fixation, 
15 
and a N natural abundance method (NAM) was first suggested 
by Vallis et al. (1967). The method was later developed by 
Rennie et al. (1976). More recently. Shearer and Kohl 
(1986) have provided the most detailed review up to date of 
this method and its field applications. 
The formula used to estimate the %Ndfa by this 
technique (Equation 4) as expressed by LaRue and Patterson 
(1981) differs only slightly from that used in the IDM. 
%^^Nref - %^^Nleg 
%Ndfa = 100 X (4) 
%^^ref - (%^^Nair / b) 
12 
Where: %^^Nref, %^^Nleg, and %^^Nair represent the 
15 percentage N atom-excess in the reference crop, 
legume crop, and air, respectively; and 
b = isotope discrimination coefficient for the 
particular legume species. 
15 Isotope discrimination against N by nitrogenase systems 
becomes important at low atom excess levels, and it must be 
considered. The discrimination coefficient may be 
determined experimentally by growing a legume of the same 
species hydroponicaly in an N-free nutrient medium (Shearer 
15 
and Kohl, 1986). Sometimes, N atom-excess is expressed in 
parts per thousand instead of percentage. 
Discussion of isotopic methods 
Important advantages of the isotopic methods over NDM 
and ARM are that they allow for distinction between 
atmospheric, fertilizer, and soil N; and the estimation of 
the proportion of N derived from fixation is yield 
independent. Several assumptions, however, are necessary. 
Among them, (1) the fixing and reference crops take up 
fertilizer and soil in the same ratio, (2) if a 
carrier fertilizer is applied it does not influence N2 
fixation, (3) no transfer of N occurs between fixing and 
reference plants, and (4) the nitrogenase system does not 
discriminate between or The actual impact of these 
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and other assumptions on which N2 estimations by isotopic 
methods are based is not clear (Bole and Rennie, 1983; 
Broadbent et al. 1983; Fried and Broeshart, 1983; Danso, 
1986; Heichel et al., 1985; Rennie, 1985). Several in-depth 
discussions of isotopic methods and their assumptions have 
been published (Chalk, 1985; Phillips et al., 1986; Rennie, 
1986a; Vose and Victoria, 1986). 
Contrary to the NDM, isotopic methods do not require 
similar soil N absorption by fixing or reference crops, but 
the assumption that fixing and reference crops must take up 
and in the same ratio is of great relevance (Rennie, 
1986; Vose and Victoria, 1986). If the fixing and reference 
crop do not take up soil and fertilizer in the same ratio, 
not only may estimations of N2 fixation be wrong, but 
incorrect fixation ranking among legume species or cultivars 
may result (Rennie, 1982; Rennie 1986a). True isotope 
dilution, that is uniform labelling of soil N pools, is 
rarely achievable after applying labelled fertilizers in the 
field. Thus, similar changes with time in the isotopic 
ratio of the available soil-N pools under fixing or 
reference crops is required (Rennie, 1986a; Witty, 1983). 
The choice of the right reference crop is critical. 
Inadequacy of the reference crop may be the most important 
source of error in N2 fixation estimations by isotopic 
methods (Henson and Heichel, 1984; Ledgard et al., 1985b; 
14 
Rennie, 1982; Wagner and Zapata, 1982). Problems are more 
likely to arise when the labelled fertilizer is applied to a 
small proportion of the soil volume to be explored by roots, 
and when soil N is high and variable either laterally or 
vertically in the soil profile (Witty, 1983). 
Inasmuch as for practical reasons labelled fertilizer 
is applied to a restricted soil volume, a well-matched N 
absorption with depth would be necessary (Phillips and 
Bennett, 1978; Vose and Victoria, 1986). The fulfillment of 
the latter requirement is not always a sufficient condition. 
Excellent reference crops may have different rooting 
patterns than the fixing crop (Rennie, 1982; Wagner and 
Zapata, 1982; Witty, 1983). Ledgard et al. (1985b) found 
that perennial ryegrass (Lolium perenne L.) was a better 
reference crop for white clover fTrifolium repens L.) even 
though Phalaris aauatica L. had the most similar pattern of 
N absorption with depth. In this case, similar temporal 
patterns of N absorption was more important and absorption 
patterns with depth was irrelevant because most of the 
available N was in the top soil layers. 
Root-soil interactions affecting the dynamics of N in 
the soil should also be similar (Phillips and Bennett, 
1978). Roots may have a stimulating effect on decomposition 
of soil organic matter (Sauerbeck et al., 1982). The extent 
of this priming effect-appears to be minor (Jansson and 
15 
Persson, 1982) but its influence on fixing and reference 
crops could be different. Little is known about root 
turnover and soil mineralization-immobilization turnover for 
different species. High internal remobilization and root 
mass losses have been shown for some species (Cralle and 
Heichel, 1981; Phillips et al. 1983). More information is 
needed in this area. 
Ineffective-nodulating isolines of the fixing legumes 
are usually the best reference crops. They have been used 
in N2 fixation research on soybeans and alfalfa (Fishbeck et 
al., 1987; Henson and Heichel, 1984; Rennie, 1982)'. 
Unfortunately, ineffective isolines are not available for 
other temperate forage legumes. Non-nodulating isolines of 
soybeans, even though widely used, often are not good 
reference crops (Diebert et al., 1979; Rennie, 1982). 
Grasses with root and growth patterns similar to the fixing 
legume may be excellent reference crops, but there is always 
a big deal of uncertainty about their suitability for 
particular conditions (Ledgard et al., 1985b; Rennie, 1982; 
Wagner and Zapata, 1982). Research has shown that the most 
similar crop in theory is not always the best reference in 
actuality (Ledgard et al., 1985b; Rennie, 1982). 
Some methods have been suggested to evaluate the 
suitability of a crop as a reference. Wagner and Zapata 
(1982) measured the percent utilization of applied to 
16 
fixing and several reference crops as an indirect estimation 
of fertilizer-N utilization. The implicit assumption of 
similar relative utilization of applied N and S, however, 
did not hold for one of the reference crops tested. A 
completely different method was proposed by Ledgard et al. 
(1985d). The isotopic composition of absorbed N is 
estimated by regression analysis based on none, and two or 
15 
more rates of N applied to legume and reference crops. 
Ledgard et al. (1985e) warned that the method is not 
15 
accurate when the N natural enrichment of soil N is not 
different enough from enrichment of atmospheric N, and when 
the %Ndfa is very high (about 90%). Unfortunately, the 
latter situation is often found in pasture studies. 
Difficulties in uniform labelling of soil-N pools, as 
well as acute N deficiency of the reference crop are common 
problems when IDM is used. The first aspect violates one of 
the main assumptions of isotope dilution whereas the second 
accentuates potential differences in growth patterns between 
fixing and reference crops. Important advantages of A-value 
procedures over IDM are that uniform labelling of soil-N 
pools is not a required condition and different N rates can 
be applied to fixing and reference crops (Fried and 
Broeshart, 1975; Vose and Victoria, 1986). However, the 
validity of the assumption that A-values are independent of 
the rate of fertilizer applied is questionable. Research 
has shown that A-values often increase as fertilizer rates 
increase (Boddey et al., 1983; Vose and Victoria, 1986). A 
priming effect of N fertilization on mineralization of soil 
organic matter has often been shown (Woods et al., 1987). 
Even in the publication by Fried and Dean (1952) , where 
independence of A-values from P fertilizer rates was first 
suggested, the mentioned trend is fairly obvious. 
As ideal reference crops are rarely available, isotopic 
methods that tend to stabilize the isotopic ratio of 
available soil N would be highly desirable (Witty, 1983). 
Such an objective could be achieved in several ways, such 
as: (1) incorporating labelled organic matter (Henzell et 
al., 1968; Hauck, 1973; Boddey et al., 1983), (2) addition 
of fertilizer with a readily available carbon source (Legg 
and Sloger, 1975), (3) by the use of slow-release N 
fertilizers (Witty, 1983; Witty and Ritz, 1984), by using 
the NAM (Ledgard et al., 1985c; Rennie et al., 1976), and 
(4) by repeated additions of labelled fertilizer (Vallis et 
15 
al., 1967). Incorporation of N-labelled organic matter 
has as a disadvantage for field studies the high amount to 
be applied (Vose and Victoria, 1986). The application of a 
readily available carbon source is unacceptable for those 
studies where natural conditions are required (Fried et al., 
1983). The use of slow-release labelled fertilizer appears 
promising but low cost commercial sources are not available 
18 
yet. 
The use of the NAM would be ideal from the point of 
view of true labelling of soil-N pools under fixing or 
reference crops. A direct consequence is that constant 
labelling of the available soil-N pool with time is 
achieved. A potential problem for the NAM is that soil-N 
natural enrichment with respect to atmospheric N, must be 
high enough to allow for a reasonable precision in the 
measurement of plant atom-excess (Bergersen and Turner, 
1983; Ledgard et al., 1985c; Shearer and Kohl, 1986). Also, 
15 lateral or vertical spatial variability in the soil N 
natural abundance could be a problem. Cheng et al. (1965) 
and Broadbent et al. (1980) found large variations in the 
lateral distribution of N natural abundance. In their 
exhaustive review Shearer and Kohl (1986) appear to conclude 
that these findings are rather extreme cases. The actual 
impact of this problem is still debatable. 
Steele et al. (1981) reported a significant increase in 
15 N natural abundance with soil depth under pasture. This 
confirms similar trends under other vegetation types 
(Shearer and Kohl, 1986). Both this increase with depth, 
and the problem concerning lateral variability illustrates 
the importance of sound field designs and careful selection 
of the reference crop when the NAM is used. Moreover, 
Rennie (1986a) pointed out that analytical errors become 
19 
more relevant when this method is used rather than other 
isotopic methods. It is also clear that the NAM cannot be 
used if atom excess will be measured by optical emission 
spectrometry because of the present low sensitivity of 
emission spectrometers. It is reasonable to assume that 
many of the potential problems discussed for the NAM would 
also apply if ^^N-depleted fertilizers are used to estimate 
N2 fixation. These type of fertilizers, however, are not 
usually used in pasture studies. 
The application of small, repeated additions of 
labelled fertilizer (Vallis et al., 1967) is an interesting 
variation of the original IDM. Instead of using only one 
initial application, ^^N-labelled fertilizer is applied in a 
series of small applications either to the same or to 
different parts of each experimental unit. This technique 
has been referenced as particularly useful to long-term 
pasture studies because it avoids the concentration of the 
fertilizer in one application, and it maintains a more 
uniform isotopic ratio of the available soil-N pool between 
fixing and reference crops (Boddey et al., 1983; Danso et 
al., 1988; Heichel et al., 1984; Vallis et al., 1967; Vallis 
et al., 1977). 
The level of labelled fertilizer does not usually 
interfere with N2 fixation because of the small amounts of 
15 highly N-enriched fertilizer applied. The possibility of 
20 
applying small dressings has been facilitated by the 
development of less expensive highly-enriched sources, 
as well as the increasing accuracy of mass spectrometers. 
Sometimes, however, higher N rates need to be applied in 
pasture studies and the N applied may affect N2 fixation 
(Bergersen and Turner, 1983). Because of the high legume N2 
fixation levels usually found in legume:grass mixtures, 
plant atom-excess may become too low in long term 
experiments. This aspect may present special problems when 
optical emission spectrometers are used because of their 
lower accuracy (Danso et al., 1988). 
Rennie (1985, 1986a) warned that misleading results may 
be obtained by using the multiple-applications technique if 
soil N mineralization rates under the fixing and the 
reference crops are widely different. When labelled 
fertilizer is applied after growth processes and hence N2 
fixation has begun, the size of the available soil-N pool 
may be larger for the fixing crop with the result that 
fixation rates are overestimated. The problem is minimized 
if plant absorption keeps available soil N at a minimum, or 
if both crops absorb identical amounts of soil- and 
fertilizer-N during the interval between additions 
(Rennie, 1986a). It appears that the problem suggested by 
Rennie is minor and does not have practical importance. The 
problem situations seldom arise and research has shown no 
21 
major differences between N2 fixation estimates using single 
or multiple-application methods (Danso et al., 1988; Heichel 
et al., 1985; Steele and Litter, 1987). 
The assumption of no isotopic discrimination generally 
is not a major problem if IDM or A-values are used, because 
discrimination either by the nitrogenase system or in 
mineral N absorption and transport indeed exist but are of 
very small magnitude. It is apparent from research by 
Steele et al. (1983) and from the extensive review by 
Shearer and Kohl (1986) that the discrimination coefficient 
for N2 fixation in the aerial parts of temperate forage 
legumes is usually less than 1.0009. Significant errors, 
however, may arise when very low levels of enrichment are 
used. As previously discussed, low enrichment may be a 
problem in studies using the NAM if discrimination is not 
correctly accounted for (Rennie, 1986a; Shearer and Kohl, 
1986). 
Estimation of N transfer 
The NDM and isotopic methods have been used to estimate 
N transfer from legumes to grasses growing in mixture. The 
N concentration and yield, or the percent atom-excess of 
the grass in mixture are compared to those in a pure grass 
crop. All the assumptions and potential problems discussed 
for N2 fixation estimation by legumes apply to transfer 
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studies. Nitrogen transfer is defined here in a broad sense 
as legume N that is somehow transferred to an accompanying 
grass. Pathways of N transfer in pastures will be discussed 
in another section. 
Estimations of N transfer obtained by the NDM do not 
distinguish real N transfer from grass-N yield increases 
resulting from other processes. Increased N concentration 
of grass shoots with respect to grass in pure stands could 
be simply a consequence of reduced foliage growth induced by 
the legume growth. Also, since the legume is in theory more 
independent from soil N, a grass plant in a mixture could 
absorb proportionally more soil-N. Because of these 
processes the NDM would too often overestimate N transfer, 
and it is not a recommended method for quantitative 
estimations. 
Isotopic techniques, on the other hand, give more 
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accurate estimations of N transfer. Diluted N 
concentrations in grasses growing in mixture as compared to 
pure stands, strongly suggest N transfer from the legume 
(Brophy et al., 1987; Vallis et al., 1967). It is clear, 
however, that additional assumptions and awareness of 
potential problems other than those discussed are required. 
Legume-N transferred may be of atmospheric or soil 
origin. Soil-N absorbed by a legume plant can be recycled 
to the soil and in turn, be absorbed by the legume itself or 
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by grass plants growing nearby. Isotopic methods detect 
only transfer of unlabelled, atmospheric N (Vallis et al., 
1967). Transferred N from the legume that is soil-derived, 
is actually accounted for as soil-N absorbed by the grass. 
Thus, the estimation of N transfer obtained may be more 
precisely referred to as an estimation of fixed-N2 transfer. 
Pathways for N transfer are varied but it is apparent 
that mineralization-immobilization processes by soil 
microorganisms are almost always part of the mechanism 
(Haystead and Harriot, 1979). An important implication is 
that the detection of transferred N in one harvest does not 
necessarily imply that the whole process (N within the 
legume to N in grass tissues) actually took place during 
that period. This distinction is important when seasonal or 
harvest effects on N transfer are under study. Usually, the 
amount of legume-derived N found in grass tissues is 
composed of legume-N that was actually transferred during 
that period plus a certain amount resulting from 
mineralization of legume-derived organic-N incorporated into 
the soil in previous periods. There is no published work 
that has specifically attempted to distinguish between these 
two components. 
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Dinitrogen Fixation by Forage Legumes 
The amount of N2 fixed by forage legumes is highly 
variable. It is dependent on legume species, rhizobia 
strain, nutrient and water supply, length of growing season, 
and other environmental and managerial factors. The 
reported amounts of N2 fixed in field conditions vary from 
almost nil to more than 7 00 kg ha ^ year ^ in New Zealand 
pastures (LaRue and Patterson, 1981; Nutman, 197 6; Steele, 
1982). Alfalfa (Medicaao sativa L.) and white clover fix 
the greatest amounts of N2 when grown in adequate 
conditions. Reports of N2 fixation by alfalfa range from 56 
to 460 kg ha ^ year ^ and by white clover from 45 to 7 00 kg 
— 1 — 1 
ha year (Nutman, 1976; Steele, 1982). Many of these 
estimates may not be reliable because they were obtained by 
acetylene reduction, difference methods, or were estimations 
based on N yields. 
Research performed after those reviews were published 
and based on isotopic methods show more modest amounts of N2 
fixation. Heichel et al. (1984) reported an average of 165 
- 1  -1  kg ha year fixed by pure stands of alfalfa grown over 4  
years in Minnesota. In Ontario, Ta and Faris (1987a) 
reported that alfalfa in pure stands fixed a 2-year average 
of 182 kg ha ^ year ^. Planted in 2:1 and 1:1 ratios with 
timothy (Phleum pratense L.), alfalfa fixed 119 and 96 kg 
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ha~^ year respectively. Hardarson et al. (1988) in 
Austria, reported that pure stands fixed 208 kg ha ^ year"^, 
— 1  — 1  but 213 and 172 kg ha year when alfalfa was mixed with 
perennial ryegrass in 2:1 or 1:1 ratios, respectively. In 
Iowa, West and Wedin (1985) reported a 2-year average of 70 
kg ha ^ year ^ in established alfalfa-orchardgrass fDactvlis 
qlomerata L.) pastures that averaged 33% alfalfa. 
Emeades and Goh (1978) reported N2 fixation by white 
— 1  — 1  
clover in a range from 45 to 142 kg ha year over several 
mixed pastures in New Zealand. Boiler and Nosberger (1987) 
in Austria showed that white clover in mixture with 
perennial ryegrass (62% white clover) fixed 215 kg ha ^ 
year . In the same study, red clover fTrifolium pratense 
L.) in mixture with annual ryegrass (Lolium multiflorum L.) 
fixed amounts similar to white clover (224 kg ha ^ year ^). 
Red clover contributed an average of 61% to herbage yield. 
Heichel et al. (1985b) reported similar amounts (92 kg ha ^ 
year ^) fixed in pure stands of red clover and birdsfoot 
trefoil studied over a 4-year period in Minnesota. In 
California rangelands, Phillips and Bennett (1978) cited N2 
fixation by subterranean clover (Trifolium subterraneum L.) 
varying from 21 to 183 kg ha ^ in the seeding year. 
Fixation was dependent on clover density and proportion in a 
mixture with soft chess bromegrass fBromus mollis L.). 
Differential N2 fixation between cultivars has been 
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reported for several legumes. Although the differences are 
not very large, they suggest that improvements by plant 
breeding are possible and could explain part of the 
variability found between experiments. Both cultivar 
differences and significant variability among genotypes have 
been shown for alfalfa (Barnes et al., 1984; Heichel et al., 
1984; Seetin and Barnes, 1977), for white clover (Connolly 
and O'Keeffe, 1979; Hardarson and Jones, 1979), for red 
clover (Paris, 1983; Nutman et al., 1971), and for 
subterranean clover (Nutman, 1967). 
Even though recent estimations of N2 fixed are lower 
and presumably more accurate than maximums reported earlier, 
symbiotic fixation by some forage legumes is still the 
highest among all legumes. For this reason alone, forage 
legumes offer opportunities to provide a fundamental role in 
sustainable agricultural systems. 
Legume Proportion Effects on Dinitrogen Fixation 
The amount of N2 fixed by a legume and the %Ndfa are 
dependent upon the proportion of legume in the sward. These 
relationships are not simple because both legume percentage 
and N2 fixation are affected by available soil N, and by 
competitive interactions between legume and grass. 
Legume:grass interactions above or below ground as well as 
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competition for any growth factor affecting the vigor or 
persistence of any component of the mixture will in turn 
affect the rate of N2 fixation. The interactive effects of 
available soil N and legume:grass proportion with quantity 
and proportion of N2 fixed will be emphasized here. 
Proportion of N fixed 
Legumes grown in pure stands usually have lower %Ndfa 
than legumes grown with grasses. Using the acetylene 
reduction method Craig et al. (1981) observed that the 
specific nodule activity in alfalfa grown with orchardgrass 
was double that of alfalfa in pure stands. Heichel et al. 
(1981, 1984, 1985b) reported %Ndfa values in pure stands of 
alfalfa, red clover and birdsfoot trefoil that ranged from 
almost nil to 80% depending on species, harvest, and year. 
But for a few exceptions the lowest values were found for 
all species in the first harvest of the seeding year, though 
many times there were low values in the first harvest of 
other production years. In contrast, when legumes are grown 
in mixture with grasses %Ndfa values are usually above 90% 
(Bergersen and Turner, 1983; Boiler and Nosberger, 1987; 
Broadbent et al., 1982; Brophy et al., 1987; Hardarson et 
al., 1988; Morris et al., 1986; Ta and Paris, 1987a; Vallis 
et al., 1967; Vallis et al., 1977; West and Wedin, 1985). 
The N2 fixation system is very sensitive to the 
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presence of combined N, particularly nitrate, in the root 
environment (McAuliffe et al., 1958). Even though low 
levels of combined N often stimulate nodulation and N2 
fixation, excessive levels are detrimental (Alios and 
Bartholomew, 1959; Gibson, 1977). Vallis et al. (1967) 
reported that the inclusion of a grass in association with a 
tropical legume enhanced the development of N2 fixation by 
the legume and increased %Ndfa. They described an "N 
sparing effect", where replacement of grass plants with the 
same number of legumes determined a larger partitioning of 
the total soil N absorbed to the remaining grasses. Similar 
results were reported by Butler and Ladd (1985) in a 
replacement series experiment with medic (Medicago 
littoralis) and ryegrass. Vallis et al. (1977) showed that 
several field-grown tropical legumes and white clover always 
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absorbed less than 25% of the N recovered by mixed swards. 
These results show that grasses are more competitive for 
soil or fertilizer N than legumes. 
Butler and Ladd (1985) showed that %Ndfs in medic 
increased as the proportion of ryegrass was decreased in a 
soil with low N availability, although no trend was evident 
in a soil with high N available. Nitrogen fertilization 
decreases %Ndfa, usually temporarily (Boiler and Nosberger, 
1987; Morris et al., 1986). The effect appears to be 
stronger when the grass in the mixture is not growing 
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actively (Morris et al., 1986). Depletion of combined N in 
the root environment by grass absorption may be responsible 
for the enhanced N2 fixation. Interestingly, Butler and 
Ladd (1985) also reported that increasing legume density in 
pure stands resulted in a decreased %Ndfs. It appears that 
either intra- or interspecific competition lowering soil 
combined-N levels result in stimulation of the N2 fixation 
system, although the effect of grasses is far more 
important. 
It has been suggested for a long time that variations 
in vigor, growth habits, and seasonal growth patterns of 
legume and grasses may influence the effects of soil or 
fertilizer combined N in N2 fixation (Alios and Bartholomew, 
1959; Morris et al., 1986; Vallis, 1978). Alios and 
Bartholomew (1959) suggested that even in pure grown 
legumes, those with higher initial growth rate will deplete 
soil combined N more rapidly, thus allowing for an earlier 
development of nodulation and N2 fixation. Differential 
sensitivity of rhizobia strains to nitrate has also been 
reported (Heichel and Vance, 1979; Vallis, 1978). 
Several authors studied the recovery of applied N by 
legumes and grasses grown in mixture, and even though strict 
comparisons cannot be made, it is possible to conclude that 
legumes vary in their competitive ability for soil N 
(Henzell et al., 1968; Haystead and Marriot, 1978; Morris et 
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al., 1986; Vallis et al., 1977; Ismaili and Weaver, 1987). 
Grasses vary in their capacity for absorb N as well as on 
the temporal pattern of N absorption. Ta and Paris (1987b) 
showed that the difference in %Ndfa from legumes in pure or 
mixed stands was higher with tall fescue fFestuca 
arundinacea Schreb.) than with other grasses. In mixtures 
there is also an indirect effect of combined N on N2 
fixation through increased competition for light and 
nutrients from the associated grass (Donald, 1963). 
Differential responses of legumes to N fertilization when 
grown in mixture with grasses have been shown (Carter and 
Scholl, 1962; West et al., 1980; Whitehead, 1970). 
Interactions between available soil N and other factors 
such as temperature or growth stages are also important. 
Seasonal patterns of mineralization and immobilization of 
soil organic matter influence the amount of available N and 
N2 fixation in pastures (Hoglund and Brock, 1982). In New 
Zealand pastures, forage growth and amount of N2 fixed by 
white clover in winter are reduced but the %Ndfa are the 
highest of the year. The explanation for this apparent 
contradiction is that low temperatures hold mineralization 
of soil organic matter to a minimum and competition by 
grasses for the reduced amounts of N available stimulate 
%Ndfa (Crush and Lowther, 1985; Hoglund and Brock, 1982). 
This interpretation appears plausible because as spring 
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begins %Ndfa begins to decline, and by late summer when the 
amount of available soil N is highest, up to 80% of legume-N 
is derived from the soil (Crush and Lowther, 1985). Morris 
et al. (1986) showed that N fertilization effects on N2 
fixation and fertilizer-N recovery by arrowleaf clover 
(Trifolium vesiculosum Siva) were dependent on the seasonal 
growth pattern of associated grasses. Tactical N dressings 
for legume:grass mixtures have been proposed based on these 
relationships (Field and Ball, 1978; Frame and Paterson, 
1987). 
When %Ndfa from pure legume stands are compared with 
mixed swards, legume:grass proportion effects on %Ndfa is 
often evident. Only in a few cases has the effect been 
quantified over a wide range of legume:grass proportions. 
Even then, results are quite variable. In a greenhouse 
study by Ismaili and Weaver (1986) increasing the proportion 
of kleingrass (Panicum coloratum L.) from 25 to 100% when 
grown with siratro CMacroptilium atropurpureum D.C. Urb.) 
affected little the % N atom excess of legume shoots, 
although a declining trend was evident. In the cited 
publication by Butler and Ladd (1985), increasing the 
proportion of medic:ryegrass plants from 1:3 to 4:0 in the 
low-N soil increased %Ndfs almost linearly from 
approximately 9 to 15%. 
Results from field studies are not less variable. 
Vallis et al. (1977) found %Ndfa values that always exceeded 
80% in several tropical legumes grown in mixture with 
grasses over two locations, but variation in %Ndfa was not 
related to legume yield or proportional legume:grass yield. 
Broadbent et al. (1982) reported that white clover in 
mixture with wymmera ryegrass CLolium riaidum L.) had higher 
%Ndfa than clover in pure stands, although differences were 
not statistically significant. Values for pure white clover 
or clover in mixture averaged 94 vs 97% in one year, and 87 
vs 93% in the second year. No information about percentage 
clover in the mixture was given. Ta and Paris (1987b) grew 
alfalfa in three proportions with timothy and reported a 
significant effect on %Ndfa in both years of the study. 
From their data, however, it is apparent that rarely the 
difference between the two mixed stands (alfalfa : timothy 
ratios 1:1 and 2:1) was significant. Maximum differences 
between pure and mixed stands averaged over harvests was 7 3 
to 78% in one year and 78 to 84% in the other. In the study 
by Hardarson et al. (1988) %Ndfa differences between 1:0, 
2:1 and 1:2 alfalfa : ryegrass ratios were more important. 
The average values over harvests varied from 73 to 93% in 
one year, and from 70 to 83% in the other, but differences 
between the two mixtures were statistically significant only 
in one of five harvests. In subterranean clover Phillips 
and Bennett (1978) reported decreases in %Ndfa from 94 to 
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88% when percentage clover grown with soft chess bromegrass 
was 50 or 100%, respectively. West and Wedin (1985) 
reported that %Ndfa in alfalfa-orchardgrass pastures 
decreased linearly from approximately 95% to 85% as alfalfa 
contribution to herbage yield increased from 15% to 60%. 
Amount of No fixed 
In the majority of the studies reviewed, the amount of 
N2 fixed was always positively correlated with legume yield 
or legume density in the sward, independently of the effect 
of legume:grass proportion on %Ndfa. The amount of N2 fixed 
is dependent on %Ndfa and legume N yield. Since variations 
in %Ndfa were minor compared to variations in legume dry 
matter yields, legume N yield is the major determinant of 
the amount of N2 fixed. A practical implication of this 
result would be that symbiotic N2 fixation in mixed forage 
stands is maximized in pure legume swards. This conclusion 
is premature, however, because the ranges in legume:grass 
proportions in the field experiments reviewed were not broad 
enough to conclude that the relationship between N2 fixed 
and proportional legume yield is linear. In some cases, 
such as in data reported by Ta and Paris (1987a) and 
Hardarson et al. (1988), it is apparent that the decrease in 
%Ndfa with increasing legume:grass proportions is not 
linear. This trend could result in diminishing increments 
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of amount of N2 fixed at high legume percentages (West and 
Wedin, 1985). Thus, in these cases, near maximum amounts of 
N2 fixed may be obtained at legume:grass ratios more 
appropriate for optimizing dry matter yields and forage 
quality, and that avoid bloat problems of grazing livestock 
at the same time. 
Nitrogen Transfer to Associated Grasses 
It is a common observation that grasses grown in 
mixture with legumes usually have higher N concentrations 
than grass grown in pure stands when fertilizer-N is not 
applied. There is a certain possibility of N transfer from 
fixing legumes to associated grasses but higher N 
concentration of grasses in mixture compared to pure stands 
could be a consequence of a legume-dependent, increased 
uptake of soil N by the grass. The introduction of isotopic 
methods allowed for reliable estimations of N transfer 
(Vallis et al., 1967). During the last decade research has 
multiplied to cover a wide range of species and conditions. 
Pathways of N transfer 
Theoretically, legumes could transfer N to a grass 
grown in mixture through a variety of ways. Three main 
pathways that could be important in field conditions are the 
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release of inorganic and soluble organic N compounds from 
living plants, decomposition of roots, nodules or aerial 
parts, and recycling of N consumed by grazing animals 
(Vallis et al., 1967; Vallis, 1978; Whitehead, 1970). A 
suggested pathway that could become important under some 
conditions is ammonia evolution and uptake by pasture 
canopies (Heichel and Brophy, 1985). 
It is difficult to assess the exudation of soluble N 
compounds from roots under field conditions. Wyss and 
Wilson (1941) reported grass responses due to legume-root 
exudates in a greenhouse study. The response, however, was 
only significant in cool, long days and with low light 
intensity. Richter et al. (1968) found significant amounts 
of several amino acids in exudates from sand-grown alfalfa. 
Whitney and Kanehiro (1967) showed that roots of tropical 
legumes grown in percolation cylinders released only traces 
of N but clippings induced significant excretion of ammonium 
and soluble amino compounds. 
Decomposition of dead roots and nodules is a very 
likely pathway for N transfer. This process indeed occurs 
from one growing season to another when annual legumes die, 
or in perennials if there is dormancy or death of legume 
plants. Organic N from dead legume residues is mineralized 
by soil microorganisms at a variable rate, depending on 
several factors but mainly on the C:N ratio of the residues 
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(Keeney, 1985; Vallis, 1978). The occurrence of root and 
nodule death within a growing season is not clear for all 
species and environmental conditions. White clover shows a 
significant turnover of nodules and small roots during a 
growing season (Butler at al., 1959; Chu and Robertson, 
1974; Haystead and Harriot, 1978, 1979; Wilson, 1942). This 
characteristic of white clover appears to be related to 
progressive death of older plants and roots, with a 
continuous replacement by new stolon roots which become 
rapidly nodulated (Butler et al., 1959). On the other hand 
only slight losses of nodules and roots have been observed 
in alfalfa (Cralle and Heichel, 1981; Vance et al., 1979). 
Losses from species such as red clover and birdsfoot trefoil 
would be intermediate even though they have been less 
studied (Butler et al., 1959; Cralle and Heichel, 1981). No 
data were found for nodule or root turnover in other species 
such as subterranean clover or tropical legumes. 
Clippings or grazing, temperature or moisture stresses, 
and prolonged shading sometimes increase the losses of 
nodule and root mass. These effects are more clear in white 
clover, red clover, and birdsfoot trefoil than in alfalfa 
(Butler et al., 1959; Chu and Robertson, 1974; Cralle and 
Heichel, 1981; Haystead and Harriot, 1978). Morphological 
and physiological differences between these species may 
explain the different responses. Alfalfa nodules show a 
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temporary loss of N2 fixation and starch after harvesting, 
but activity recovers rapidly as growth resumes (Cralle and 
Heichel, 1981; Vance et al., 1979). On the other hand, 
other species show decreased N2 fixation, significant nodule 
and root losses, and recovery is much slower than in alfalfa 
(Butler et al., 1959; Cralle and Heichel, 1981). 
Cralle and Heichel (1981) reported that N2 fixation and 
loss patterns of nodules in alfalfa and birdsfoot trefoil 
paralleled different patterns in carbohydrate storage and 
mobilization. The rapid recovery of N2 fixation and the 
lack of significant loss of nodule mass in alfalfa as 
compared to birdsfoot trefoil were related to higher levels 
of root nonstructural carbohydrates, rapid mobilization of 
nodule starch, and rapid shoot regrowth. Extensive 
remobilization of root N has also been observed in 
subterranean clover even though nodule or root losses were 
not studied (Phillips et al., 1983). Haystead and Harriot 
(1978) suggested that different accumulation patterns of 
storage carbohydrates in stolons was the reason for 
different patterns of nodule shedding in greenhouse vs field 
grown white clover. 
That root or nodule losses within a growing season 
exist does not necessarily imply significant N transfer. 
First, even if the extent of nodule or root loss is 
important, the N concentration could be low because of 
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remobilization of N before shedding (Cralle and Heichel, 
1981; Henzell and Vallis, 1977; Vallis, 1978). Secondly, 
for significant transfer to occur, organic N must be 
mineralized by soil microorganisms. Mineralization of 
organic N from white clover roots and nodules takes time, 
and its effects on grass N uptake may not be evident until 
late in a growing season (Haystead and Harriot, 1979; 
Keeney, 1985). Thirdly, mineralized N must be absorbed by 
grass roots. It is possible that the legume itself would 
reabsorb most released N, even though grasses have both an 
extensive and very efficient root systems in top soil 
layers. Indeed, legume and grass roots must be in intimate 
intermingling for transfer to occur. Tewari and Schmid 
(1960) estimated that only slight transfer from alfalfa to 
timothy and smooth bromegrass fBromus inermis Leyss) took 
place when grass rows were 0.3 m apart from alfalfa rows. 
Brophy et al. (1987) reported significant transfer to reed 
canarygrass fPhalaris arundinacea L.) up to distances 0.2 m 
from alfalfa or birdsfoot trefoil rows. 
Despite the previous considerations, field research 
shows that those species with highest losses of either 
nodules or roots after clippings or stresses usually 
transfer the highest amounts of N. Transfer from alfalfa is 
often low even though the amount of N2 fixed is usually the 
highest, as compared to other forage legumes (Hardarson et 
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al., 1988; Ledgard et al., 1985b; Simpson, 1976; Ta and 
Paris, 1987a). In a few cases, however, N transfer from 
alfalfa has been as high as from other legumes (Brophy et 
al., 1987; Ta and Paris, 1987b). In these latter cases, 
however, the pattern of N transfer over the growing season 
differed from other species. 
Sheep and cattle retain only a small proportion of 
their dietary N in animal products and 75 to 90% of the 
ingested N may be returned to the soil in feces and urine 
(Whitehead, 1970; Wilkinson and Lowrey, 1973). Grazing 
damages legume shoots by treading and biting, thereby 
increasing the amount of shoot parts falling to the soil 
surface. Also, grazing may increase leaching by rain of 
soluble N compounds from wounded leaves or stems by rain. 
Since excreta N is distributed unevenly and subjected to 
potentially high losses (Ball et al., 1979; Steele and 
Brock, 1985), the efficiency of N transfer via this pathway 
may be questionable. 
Amount of N transferred 
Nitrogen transfer from legumes to associated grasses 
has been suggested from greenhouse and field experiments 
since the beginning of the century (see review by Whitehead, 
1970). Experimental results which are based on the use of 
isotopic methods to determine transfer will be emphasized in 
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this section. 
The extent and patterns of N transfer from forage 
legumes to associated grasses varies greatly for the 
different species. Low transfer, usually less than 15% of 
the grass N yield, appears to be the rule when tropical 
legumes are involved. This has been shown in short-term, 
greenhouse experiments (Henzell et al., 1968; Ismaili and 
Weaver, 1986; Ismaili and Weaver, 1987), or longer-term 
field experiments (Johansen and Kerridge, 1979; Vallis et 
al., 1977). There is no clear explanation for these 
findings, but research has shown that tropical legumes are 
often more competitive for soil N than are some temperate 
legumes (Ismaili and Weaver, 1987; Vallis et al., 1977; 
Vallis, 1978). Thus, it is possible that those legumes also 
compete more favorably for their own released N. Henzell 
and Vallis (1977) stressed the low amounts of N2 fixation in 
many tropical environments where not much N would be 
transferred. They also pointed out the lack of grazing in 
those studies that could have precluded one of the most 
important transfer pathways. No grazing conditions, 
however, is also a general characteristic of studies with 
temperate legumes which show high amounts of transfer. 
Some studies with temperate legumes such as white 
clover (Haystead and Lowe, 1977; Haystead and Harriot, 197 8, 
1979; Vallis et al., 1977), alfalfa (Hardarson et al., 1988; 
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Ledgard et al., 1985a; Ta and Paris, 1987a), subterranean 
clover (Ledgard et al., 1985b), and other species (Butler 
and Ladd, 1985; Butler, 1987) have shown very low N transfer 
within a growing season. It is not possible to generalize 
the reasons for these results. Short evaluation periods 
(less than 4 months) may explain the low transfer reported 
by Ledgard et al. (1985b), Haystead and Harriot (1978, 
1979), and Butler and Ladd (1985). Since nodule and root 
decomposition is probably the most important transfer 
pathway in ungrazed pastures, a variable period of time is 
required for organic N to be mineralized and absorbed by the 
grass (Haystead and Harriot, 1979). In most of the 
experiments referenced, any significant transfer was 
detected only in the last harvests. Transfer from field 
grown alfalfa to timothy as reported by Ta and Paris (1987a) 
contributed up to 30% of timothy N yield, but the actual 
— 1  — 1  
amount transferred averaged only 10 kg ha year 
Similarly, Hardarson et al. (1988) found insignificant N 
— 1  — 1  transfer (4 kg ha year ) from alfalfa to perennial 
ryegrass over a 2-year field experiment. 
Significant N transfer has often been reported for 
several forage legumes. But there are contradictory results 
from greenhouse or field studies. Haystead and Harriot 
(1978) reported higher transfer from white clover in the 
greenhouse. Broadbent et al. (1982), on the other hand, 
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showed that white clover transferred significant amounts of 
N in the field only. Ta and Paris (1987b) reported results 
of a greenhouse study showing significant N transfer from 
alfalfa, red clover, and birdsfoot trefoil when grown in 
simple mixtures with several grasses. Transfer was almost 
nil in the first harvest but increased afterwards. The 
increase was slowest for birdsfoot trefoil, but maximum and 
similar transfer was observed after the fourth harvest for 
the three legumes. They suggested that alfalfa and red 
clover excreted more N than birdsfoot trefoil in early 
harvests but the latter species compensated with greater 
decomposition of nodules and roots in later harvests. 
Field studies by Broadbent et al. (1982), Boiler and 
Nosberger (1987), and Goodman and Collison (1986) showed 
important amounts of N transferred from white clover. The 
proportion of grass-N transferred from the clover averaged 
68% and 75% as reported by Broadbent et al. (1982), and 
Boiler and Nosberger (1987), respectively. In both 
experiments maximum values were observed for the last 
harvest of the first year and during the second year of 
evaluation. Calculations from data reported by Goodman and 
Collison (1986) resulted in a 32% value averaged over 
locations and years with a maximum of almost 100%. Maximum 
_ 1  N transfer of 52 kg ha year was found in the experiment 
by Boiler and Nosberger (1987), whereas N yields were not 
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reported by Broadbent el al. (1982). Data from Goodman and 
Collison (1986) show an average over locations and years of 
-1 -1 68 kg ha year of N transferred. 
Significant transfer has also been reported from other 
field-grown legumes. Red clover transferred similar overall 
amounts of N as white clover, according to Boiler and 
Nosberger (1987). Transfer from red clover, however, 
developed earlier during the seeding year, whereas during 
the second year white clover transferred more. Contrary to 
expectations, Brophy et al. (1987) found large amounts of N 
transferred from alfalfa to reed canarygrass that were not 
significantly different from transfer by birdsfoot trefoil. 
Transfer increased with harvest and the maximum proportion 
of grass-N derived from the legume averaged 69%. These high 
N transfers from alfalfa reported here are clearly contrary 
to results already discussed from Ta and Paris (1987a) and 
Hardarson et al. (1988). The pattern of N transfer over 
time between alfalfa and birdsfoot trefoil also is contrary 
to results by Ta and Paris (1987b) since transfer by both 
species was similar in all harvests. Non-isotopic 
estimations of N transfer by subterranean clover reported by 
Simpson (1976) indicate that subterranean clover transferred 
more than white clover during a 3-year study. 
It is apparent from the studies reviewed that 
significant amounts of fixed N may be transferred from 
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temperate forage legumes to associated grasses. Transfer is 
usually low in periods shortly after planting with increases 
as the season progresses or over years. Sometimes 
contradictory results from field studies cannot be explained 
satisfactorily, although a discussion of the several 
possible confounding factors is relevant. 
The influence of some environmental and managerial 
factors affecting the flow of N through the possible 
transfer pathways for different species were already 
discussed. However, factors such as amount of N2 fixed by 
the legume, legume;grass proportion in the mixture, and 
grass species are also important. The amount of N2 fixed by 
a particular species inoculated by effective rhizobia varies 
greatly depending on innumerable soil, management, and 
environmental factors. Thus, it appears reasonable that if 
fixation is low transfer will also be low. 
As the proportion of legume increases in a mixture, the 
grass N concentration usually increases. Ismaili and Weaver 
(1986) and Hardarson et al. (1988) reported no relationship 
between legume:grass proportion and amount of N transferred 
from a tropical legume and alfalfa, respectively. Brophy et 
al. (1987), however, found that legume-derived N in reed 
canarygrass increased as the number of rows of alfalfa or 
birdsfoot trefoil between reed canarygrass increased. Ta 
and Paris (1987a) found similar results when transfer from 
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alfalfa to timothy was compared at two legume:grass seeding 
ratios. Since these results were obtained by isotopic 
methods it is reasonable to assume that the effect described 
was not a result of increased soil N absorption by the 
grass. Indeed, higher values of N transfer were obtained by 
Ta and Paris (1987a) when the difference method was used. 
Even though results appear contradictory, it is important to 
note that no significant transfer was found at any 
legume:grass proportion in the studies by Ismaili and Weaver 
(1986) and Hardarson et al. (1988). 
The amount of N transfer depends not only on the 
proportion of grass N derived from fixation, but also on 
grass yield. High proportions of grass legume-derived-N 
will not result in important amounts of N transferred unless 
grass contributes significantly to herbage yield. This 
factor alone could explain much of the controversy related 
to the amount of N transfer. 
The role of the grass species in N transfer from 
legumes has not been studied extensively. Ta and Paris 
(1987b) investigated N transfer from alfalfa, red clover, or 
birdsfoot trefoil to five different grasses in a greenhouse 
experiment. Tall fescue, orchardgrass and smooth bromegrass 
utilized more legume-derived N than either red fescue 
(Festuca rubra) or timothy. They suggested that early-
maturing, rapid-regrowing grasses have earlier and more 
46 
extensive root systems, enabling them to compete better for 
any legume-released N. Obviously, different grass species 
may indirectly determine distinct N transfer by competing 
differently with the legume for growth factors which, in 
turn, affects legume growth and N2 fixation. 
Concluding Remarks 
15 Knowledge about the use of N isotopic methods to 
estimate N2 fixation by legumes has improved substantially 
during the last decade. This technique gives more reliable 
information than conventional methods, and it is the only 
technique available that allows for field quantification of 
N transfer from legumes to associated grasses. Because of 
the many assumptions involved, however, preliminary field 
experiments testing the adequacy of reference crops for each 
legume species is desirable if this information is not 
available for locations similar in soil type and climate. 
If those alternatives are not possible, the inclusion of 
more than one reference crop in the experiment would be 
desirable, because theoretical considerations have not 
always been correct. 
Dinitrogen fixation by forage legumes is indeed 
affected by the legume:grass proportion of the mixture. The 
extent of this effect is variable depending on the species 
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involved, and management and environmental factors. The 
interactions between legume:grass ratio and herbage yields 
with %Ndfa influence the amount of N2 fixed per area. The 
information available indicates that increasing the legume 
percentage in a mixture decreases the proportion of N 
derived from fixation and increases transfer, but it always 
increase the amount of N2 fixed. 
Significant amounts of N are usually transferred from 
clovers and birdsfoot trefoil to associated grasses. The 
amount transferred is nil or very low shortly after 
planting, but it increases with time. Contradictory results 
have been obtained for alfalfa and tropical legumes. The 
majority of the studies, however, have shown that these 
species transfer very low amounts within a growing season. 
Common managerial or environmental factors such as mowing or 
grazing, shading, and temperature or moisture stresses 
stimulate N transfer from legumes. Cycling of N by grazing 
animals and decomposition of plant parts are the main 
pathways for N transfer. 
Research of N2 fixation and transfer including broad 
ranges of legume:grass proportions for different species is 
needed. This would allow for a better guantification of the 
relationships between percentage legume, N2 fixation, and N 
transfer. The implications of some results which suggest 
that maximizing the amount of N2 fixed does not necessarily 
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require a pure legume stand is of great significance. If 
this is proved to be the case, it is possible that by 
optimizing dry matter yield, forage quality, and adequacy 
for grazing (i.e., reduced bloat problems) of legume:grass 
mixtures, near maximum symbiotic N2 fixation will be also 
achieved. 
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MATERIALS AND METHODS 
Location and Soil 
This field study consisting of two experiments was 
located in Uruguay, latitude 35° South. Climate of the 
region is temperate, with four distinct seasons of roughly 
the same length. Rainfall and temperature data for the 
experimental period are shown in Table 1. The soil was a 
silty-clay-loam Typic argiudoll that had been under a grain-
crop and legume:grass pasture rotation without N 
fertilization for more than 20 years. The plow layer had 
— 1 
2 6.6 g kg of organic carbon and pH 5.7 (water:soil ratio 
of 2.5:1). The last crop in both experiments was an annual, 
warm-season grass fSetaria italica) to which no N fertilizer 
was applied. The crop was harvested for hay and the soil 
plowed 1 month before seeding. 
Experiments and Treatments 
Experiments 
Two small-plot experiments were established. The first 
experiment (Exp 1) was planted on 20 May 1983 (late fall) 
and evaluated for 2 years. The second (Exp 2) was planted 
on 28. April 1984 (mid fall) and data from the first year are 
Table 1. Temperature and precipitation during the 
evaluation periods of Exp 1 and Exp 2 
Date Temperature^ Precipitation^ 
Monthly Absolute Absolute Monthly 
average maximum minimum total 
_ _ _ _ _  Q  / - I  _  _  _  _  mm 
1983 
May 13 22 2 33 
June 10 21 -2 88 
July- 9 18 -2 32 
August 11 24 -1 215 
September 13 26 0 152 
October 16 30 3 170 
November 20 34 6 148 
December 22 37 8 58 
1984 
January 24 35 13 129 
February 23 33 10 214 
March 21 32 12 28 
April 17 29 3 65 
May 13 29 0 114 
June 9 19 1 116 
July 9 20 -2 125 
August 10 24 0 23 
September 13 24 1 69 
October 18 30 3 137 
November 18 30 6 65 
December 18 34 8 46 
1985 
January 23 36 13 17 
February 23 35 12 95 
March 20 33 8 218 
^Air temperatures were obtained from a meteorological 
station situated 3 5 km from the experimental site 
^Precipitation data were recorded on site-
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presented here. Experiment 2 was a year replication of Exp 
1 for most aspects and then the following description 
applies for both experiments. Any difference will be 
specifically noted. 
Species and legume proportion 
The factorial combinations of three mixture types 
consisting of three legumes each grown with tall fescue (cv. 
Tacuabe) and four seeding rates were established, yielding a 
total of 12 treatments. Additionally, tall fescue in pure 
stand was included to be" used as the reference crop for N2 
fixation and transfer estimations. Legume species were a 
large-leaved white clover (cv. Bayucua), a medium type of 
red clover (cv. Estanzuela 116), and an erect type of 
birdsfoot trefoil (cv. San Gabriel). Recommended seeding 
rates for legume and tall fescue in each mixture type were 
varied proportionally in order to obtain four swards 
differing in legume proportion (herbage dry weight). The 
desired average legume proportions in the swards were: tall 
fescue-dominated (proportion 1) with approximately 30% 
legume, balanced (proportion 2) with approximately 50% 
legume, legume-dominated (proportion 3) with approximately 
70% legume, and strongly legume-dominated (proportion 4) 
with 90% legume or more. There was no attempt to control 
plant density after emergence. 
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Nitrogen fertilization 
On 23 March 1984 (early fall), 10 months after seeding, 
selected experimental units of Exp 1 were subdivided and 
fertilization treatments of 0 or 100 kg ha ^ of N were 
applied. In Exp 2, the same N treatments were applied to 
subdivisions of experimental units 1 week before planting 
(21 April 1984). Both N treatments were applied to the 
three mixture types but only to proportions 2 and 4. Thus, 
N was applied to both experiments in the same calendar year 
and in close dates but to established swards in Exp 1 and at 
seeding in Exp 2. Urea was broadcast in both experiments, 
and incorporated with a light disk harrow in Exp 2. 
Pasture Establishment and Harvest Management 
Legume seed was inoculated just before seeding with a 
water-slurry of peat-based Rhizobium preparations previously 
tested for adequate bacteria concentration. Pastures were 
seeded by broadcasting the seeds over plots 3 x 9 m and 3.5 
x 8 m in Exp 1 and Exp 2, respectively. Phosphorus and K 
fertilizers were applied at seeding and topdressed according 
to soil tests to assure that these two nutrients were 
nonlimiting to either tall fescue or legume growth. Ten 
harvests were made over the two years of Exp 1 and four 
harvests in Exp 2. Within each experiment, all treatments 
53 
were harvested on the same date (Table 2). There was one 
harvest per season except for spring harvests in both 
experiments, and for the second summer of Exp 1. In spring, 
growth conditions were favorable and adequate pasture 
management called for two harvests. In the second summer of 
Exp 1, profuse flowering in red clover and birdsfoot trefoil 
and hot, dry weather made a harvest necessary in mid-summer 
to avoid seeding. Also, in this season white clover plots 
in Exp 1 were not harvested because of insignificant growth. 
In the climatological region of the experiments the response 
of white clover swards after the seeding year is quite 
common because of hot, dry weather and shallow secondary 
root systems. Harvest dates were not set by date but 
depending on the particular weather and pasture growth in 
those years. 
In order to reduce the number of samples for isotope 
dilution analyses a weighted pooling was performed with 
samples from harvests made on 10 February and 15 March, 198 5 
in Exp 1. A similar procedure was applied to samples from 
harvests made on 15 November and 20 December in Exp 2. As a 
consequence, pooled data are presented for all variables 
measured on these harvests. Plots were harvested with an 
experimental sickle-bar mower except for all microplots 
which were hand clipped. No weed control was necessary in 
any experiment since only a few weeds were present. 
54 
Table 2. Harvest and soil sampling dates for Exp 1 and 
Exp 2 
Harvest dates 
EXD 1 EXD 2 
H^ Season^ Date H Season Date 
1 winter 10 Oct 1983 1 winter 13 Sep 1984 
2 spring 19 Nov 1983 2 spring 15 Nov 1984 
3 spring 21 Dec 1983 spring 2 0 Dec 1984 
4 summer 13 Mar 1984 3 summer 15 Mar 1985 
5 fall 4 Jun 1984 
6 winter 27 Aug 1984 
7 spring 11 Oct 1984 
8 spring 28 Nov 1984 
9 summer 10 Feb 1985 
summer 15 Mar 1985 
Soil sampling dates 
GC Exp 1 Exp 2 
1 2 0 May 1983 28 Apr 1984 
2 17 Jun 1983 16 May 1984 
3 15 Aug 1983 16 Jul 1984 
4 5 Oct 1983 13 Sep 1984 
5 19 Nov 1983 15 Nov 1984 
6 21 Dec 1983 20 Dec 1984 
7 31 Jan 1984 2 Feb 1985 
8 13 Mar 1984 
9 24 Apr 1984 
10 4 Jun 1984 
11 16 Jul 1984 
12 27 Aug 1984 
13 11 Oct 1984 
14 28 Nov 1984 
15 2 Feb 1985 
^H = harvest. Harvests in 10 February and 15 March 
1985 from Exp 1 were pooled as harvest 9. Similarly, 
harvests in 15 November and 20 December from Exp 2 were 
pooled as harvest 2. 
^Most herbage growth took place in the season 
indicated. 
= sampling. 
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Estimations of Dinitrogen Fixation and Transfer 
Dinitrogen fixation and transfer were estimated by 
isotope dilution with ^^N-labelled N fertilizer (Fried and 
Middelboe, 1977; Vallis et al., 1967). Tall fescue in pure 
stands was used as the reference crop. A single reference 
15 
value of N % atom excess averaged over all tall fescue 
plots was used for N2 fixation and transfer calculations on 
15 
each harvest. Ammonium sulfate with 10% N abundance was 
applied at 1 kg ha ^ of to l-m^ microplots. 
Applications were made when most legume seedlings had a 
visible trifoliate leaf, and after the last harvest of every 
season. 
Since 10 kg ha ^ of N was to be applied each time, 
summation of several applications in the same microplot 
15 
could influence N2 fixation and growth. Also, residual N 
could complicate interpretation of results (Labandera et 
al., 1988). To avoid these potential problems, each time 
15 that N was applied microplots were randomly relocated to a 
new location in the macroplot. A one-time application of 
such a low rate as 10 kg ha ^ of N would not likely affect 
plant growth or N2 fixation significantly. The 
establishment of the pastures was successful and macroplots 
had a uniform legume:grass composition so heterogeneity of 
the plots would hardly be a significant problem. A water 
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solution of labelled fertilizer was sprayed on the microplot 
which was immediately watered down with approximately 5 1 of 
water. In plots receiving the one-time 100 kg ha~^ N 
treatment, procedures were the same except that 100 kg ha~^ 
15 
of N as ammonium sulfate with 1% N abundance was applied 
to both fixing or reference microplots. In this instance, a 
similar N rate with nonlabelled fertilizer of the same 
source was applied to the rest of the plot. 
All of the herbage harvested from a 0.7 by 0.7-m square 
in the center of each field microplot was hand-separated in 
legume and grass fractions. The rare nonfixing weeds 
present were pooled with the grass fraction. Samples were 
dried at 65 °C for 48 hours in an air-forced oven and ground 
to pass a 2-mm screen of a knife-type mill. Kjeldahl-N was 
measured by receiving ammonia in HCl and after titration 
with NaOH, N isotopic composition was analyzed by emission 
spectrometry (Fieldler and Proksch, 1975). Standard 
solutions were routinely measured in order to calibrate the 
emission spectrometer. Also, approximately 10% of the 
samples in every harvest of Exp 1 were analyzed by mass 
spectrometry to test emission results, although only 
emission data were used for calculations. All samples from 
the harvest on 28 December 1984 in Exp 1 were analyzed by 
mass spectrometry because they had very low enrichment. 
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Soil Measurements 
One composite sample per block for ammonium and for 
nitrate analyses were taken from the top 0- to 0.2-m soil 
layer in the first three sampling dates of Exp l and Exp 2 
(Table 2). Subsequently, all plots having proportions 2, 
proportion 4, and tall fescue were sampled in both 
experiments. In addition, total Kjeldahl-N was measured in 
samples taken from plots of Exp 1 on 5 October 1983, and on 
2 February 1985. Ammonium and nitrate were measured on air-
dried samples by steam distillation after extraction with IN 
KCl and filtration. 
Experimental Design and Statistical Analysis 
Analyses of variance 
Species and legume proportion effects Three 
replications were arranged in complete blocks, so the 
resulting experimental layout corresponded to a randomized 
block, split-plot design with mixture type by legume-
proportion combinations in large plots and N treatments in 
subplots. Tall fescue was randomly assigned to one and two 
plots per block in Exp 1 and Exp 2, respectively. Data from 
tall fescue pure stands, however, were not included in any 
of the statistical analyses for herbage response variables. 
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Because N treatments were not applied to all legume 
proportions only plots without N fertilization were used to 
test the effects of mixture types and legume proportions on 
all herbage response variables. Thus, in this instance the 
resulting design was a factorial of three mixture types by 
four legume proportions with three replications arranged in 
blocks. 
The actual legume proportions obtained did not 
correspond exactly to desired proportions because the effect 
of environmental factors and both intra- and interspecific 
plant interactions made them vary within and between 
harvests. Thus, a more appropriate linear model with block 
and mixture type as classificatory variables and the actual 
percentage legume obtained as a continuous variable was 
assumed. Linear and quadratic effects of the continuous 
variable and their interactions with mixture type were also 
included in the model. Other effects were pooled with the 
residual error. Both the classificatory and the mixed model 
were used for testing treatment effects on each harvest and 
on yearly totals or averages in both experiments. The 
conclusions relative to main effects of treatments were 
usually similar for both models but the probability of 
significant results usually were slightly lower when the 
mixed model was used. Thus, reported here are the more 
conservative results obtained by applying the mixed model. 
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Analyses were performed on herbage data obtained from each 
harvest and on yearly totals or averages. The structure of 
the analysis of variance used by applying the mixed model is 
shown in Table Al. 
The unique effects of mixture type on the response 
variables were evaluated by F ratios of the mean square of 
mixture type after adjusting to a constant level of 
percentage legume and the residual error. Inasmuch as 
mixture type effects and significance were usually similar 
before or after adjusting for percentage legume, divergences 
between both tests will be explicitly noted. 
Nitrogen effects The main effect of N and its 
interactions with mixture type and legume proportion for all 
herbage response variables were tested following the 
assumptions of a conventional, classificatory split-plot 
model. Only plots of the three mixture types having 
proportions 2 and 4 were used here. Statistical analyses 
were performed on data obtained from each harvest and on 
yearly totals or averages. The structure of the analysis of 
variance applied in this instance is shown in Table A2. 
Soil variables Soil ammonium and soil nitrate, as 
well as total, organic soil-N were measured in plots of the 
three mixtures having proportions 2 and 4, and were also 
measured in tall fescue plots. Thus, a split-plot model 
with seven pasture treatments in large plots and N in 
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subplots was assumed and used to test all main effects and 
interactions in every sampling. Sum of squares for the main 
effect of pasture treatments were partitioned into a 
comparison between tall fescue and a factorial of mixture 
type and legume proportion. The latter, in turn, was 
partitioned into main effects of mixture and legume 
proportion, and a two-way interaction. The structure of 
this analysis of variance is shown in Table A3. When tests 
of sampling effects and interactions with other factors were 
necessary, an additional split was included in the model. 
Regression analyses 
There was particular interest for study of the 
functional relationships between actual percentage legume 
and the measured variables for each mixture type. Thus, 
data from plots without N fertilization were regressed on 
percentage legume for each mixture type in every harvest, 
and in yearly totals (n=12). First- and second-degree 
polynomials models were fitted. The second degree 
polynomial was chosen only if the inclusion of the quadratic 
term improved (P<0.05) explanation by the linear term. 
Values per plot for selected response variables are 
shown in Tables A4 to A7. Procedures from the SAS 
statistical analysis package (SAS Institute Inc., 1985) with 
adequate specifications were used for all analyses. 
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RESULTS AND DISCUSSION 
Legume Species and Proportion Effects 
on Dry Matter and N Yields 
Legume species effects 
Mixtures of white clover, red clover, or birdsfoot 
trefoil with tall fescue differed in herbage yield (legume 
plus tall fescue herbage) produced as well as in yield of 
legume and tall fescue components in both experiments. 
In Exp 1 the highest annual herbage yield was shown by 
red clover-tall fescue (RCF) in both years. White clover-
tall fescue (WCF) outyielded birdsfoot trefoil-tall fescue 
(BTF) in the first year only (Figure lA). The higher 
production of RCF in late spring (harvests 3 and 8) and 
summer (harvests 4 and 9) accounts for most of the 
difference in total yield with the WCF mixture (Table 3). 
White clover advances to seed stage during late spring and 
productivity during the summer is highly dependent on 
rainfall and temperature. In the first summer, its growth 
was very low and it was nil during the second. Yields of 
BTF were the same or less than for WCF or RCF mixtures in 
Exp 1 except for the summer. In summer, BTF yielded more 
than the WCF mixture in both years of this experiment, 
whereas it outyielded RCF only in the second year (Table 3). 
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Table 3. Herbage dry matter and N yields of three mixture 
types in each harvest of Exp 1. Means of four 
legume proportions and three replications 
Herbage yield Herbage N yield 
Ha wcpb RCF BTF LSD<^ WCF RCF BTF LSD 
kg ha~^ 
Year 1 
1 710 814 658 NS 20.4 25.4 17. 2 7 . 3 
2 3282 3382 2031 448 101.2 94.4 44. 9 1. 2 
3 1382 1556 1087 290d 41.4 44.7 31. 7 8 . 8 
4 1676 2925 2207 456 38.0 71.6 45. 0 10. 5 
Year 2 
5 1384 1595 1158 404 36.7 51.3 24 . 7 10. 5 
6 1153 1381 804 232^ 35.8 48.0 20. 2 8. 0' 
7 2107 2940 1793 436 70.1 111.0 51. 5 13 . 5 
8 2581 3388 2997 469 75.8 96.3 80. 8 12 . 1' 
9 531 1270 1540 263 15.5 34.3 37. 1 6. 6 
^H = harvest. 
^WCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
^Least significant difference; NS = not significant main 
effect, P<0.05. 
^Ordinary least-square means after adjusting to a 
constant percentage legume did not differ. 
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In Exp 2, BTF performed much better than in Exp 1, and 
compared favorably with the clovers although yield 
differences were small (Figure 2A). The higher first-
harvest yields of swards including this species compared to 
the clovers is striking because of the usually slower 
establishment of birdsfoot trefoil (Table 4). Perhaps the 
warmer temperatures in the earlier planting of Exp 2 were of 
more significance in stimulating growth of birdsfoot 
trefoil. The excellent early establishment of birdsfoot 
trefoil resulted in a very good performance of its mixtures 
during the whole evaluation period. Dry matter yields of 
the three mixtures were similar in spring but in summer, BTF 
yielded more than both white clover and red clover mixtures 
(Table 4). 
The legume species of the mixture affected total 
herbage N yields in a similar manner to that shown for 
herbage yields. Birdsfoot trefoil-tall fescue yielded the 
lowest total amount of N compared to any clover-tall fescue 
mixture in Exp 1 (Figure IB), and similar trends were found 
in most harvests (Table 3). Results were again different in 
Exp 2, since birdsfoot trefoil had higher herbage N yields 
than mixtures including any of the clovers (Figure 2B). In 
this experiment (Exp 2) the high N yields of BTF in the 
first harvest and in summer had a strong influence on annual 
N yield (Table 4). 
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Figure 2. Herbage dry matter yield (A), herbage N yield (B), legume N 
concentration (C), and tall fescue N concentration (D) for three 
mixtures in Exp 2. Means of yearly totals (yields) or averages (N 
concentrations) of four legume proportions and three replications. 
LSD = least significant difference, P<0.05 
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Table 4. Herbage dry matter yield, herbage N yield, legume 
N concentration, and tall fescue N concentration 
of three mixture types in each harvest of Exp 2. 
Means of four legume proportions and three 
replications 
Herbage yield Herbage N yield 
Ha wcpb RCF BTF LSD^ WCF RCF BTF LSD 
kg ha ^ 
1 857 704 1064 275 19.5 14.8 25.4 6.8 
2 5629 5536 5940 NS 108.4 106.5 124.8 16.8 
3 632 803 1102 183 17.4 23.3 30.0 5.2 
Legume N concentration TF® N concentration 
g kg-1 
1 34 . 6 33 . 9 32.2 1.8 24.8 24.5 25. 0 NS 
2 31.8 31.7 33 . 3 NS 16.1 15.6 16. 1 NS 
3 36.7 32 .1 33. 5 2 . 6 24.8 26.3 23 . 0 NS 
^H = harvest. 
bwCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
cLeast significant difference; NS = not significant main 
effect, P<0.05. 
^Ordinary least-square means after adjusting to a 
constant percentage legume did not differ. 
®TF = tall fescue. 
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The yearly average N concentration of white clover 
herbage was the highest of the three legumes in both years 
of Exp 1. Red clover had higher N concentration than 
birdsfoot trefoil although differences were statistically 
significant (P<0.05) in the first year only (Figure IC). 
These trends were consistent in most harvests of each year 
(Table 5). White clover herbage showed more stable N 
concentrations than that of red clover or birdsfoot trefoil 
during both years of this experiment. In Exp 2, the yearly 
average legume N concentration of white clover was the 
highest, whereas concentrations in red clover and birdsfoot 
trefoil herbage did not differ (Figure 2C). This trend was 
consistent both in the first and summer harvests (Table 4). 
Interestingly, N concentration of both red clover and 
birdsfoot trefoil herbage did not differ in both the second 
year of Exp 1 and in Exp 2 which occurred in the same 
chronological year (1984). 
Nitrogen concentration of tall fescue growing with 
birdsfoot trefoil was consistently lowest in both years of 
Exp 1 (Figure ID). The N concentration of tall fescue grown 
with white clover or red clover did not differ in the first 
year but that of tall fescue associated with red clover was 
highest in the second year. Examination of the results for 
each harvest shows that N concentration of tall fescue 
associated with birdsfoot trefoil was almost always lower 
68 
Table 5. Legume and tall fescue N concentrations of three 
mixture types in each harvest of Exp 1. Means of 
four legume proportions and three replications 
Legume N concentration TF^ N concentration 
fib WCPC RCF BTF LSOd WCF RCF BTF LSD 
g kg-1 
Year 1 
1 37.0 38.0 33.4 1.3 25.6 26.1 24.6 NS 
2 33.2 30.1 26.9 1.7 20.6 20.1 15.9 1.9 
3 30.8 29.3 30.9 0.7 23.7 23.5 22.9 NS 
4 32.8 29.1 23.7 2.1 21.0 19.3 19.0 1.4 
Year 2 
5 37.9 38.2 35.7 1.7® 24.8 27.3 21.7 2 . 3 
6 40.2 41.9 39.7 NS 24.2 26.6 20.7 2 . 0® 
7 42.3 40.4 40.6 NS 24.4 23.2 26.4 2 . 1® 
8 32.3 29.4 29.6 NS 21.6 23.8 21.3 1.5® 
9 — — 26.6 23.9 2.4 30.2 29.4 25.9 2.0 
^TF = tall fescue. 
= harvest. 
CWCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
^Least significant difference; NS = not significant main 
effect, P<0.05. 
^Ordinary least-square means after adjusting to a 
constant percentage legume did not differ. 
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than that of tall fescue grown with any of the clovers 
(Table 5). 
In Exp 2 ,  the yearly average N concentration of tall 
fescue grown with birdsfoot trefoil was also the lowest 
(Figure 2D), although differences were not statistically 
significant (P<0.05). Differences in tall fescue N 
concentration between mixture types were nonsignificant in 
every harvest of this experiment but values were lower for 
the BTF mixture (Table 4). One likely explanation for the 
consistently lower N concentration of tall fescue grown with 
birdsfoot trefoil is that N transfer from birdsfoot trefoil 
is the lowest among the legumes. Other forms of plant-soil 
interactions, however, cannot be disregarded. 
In the summer harvests of Exp 1, herbage N 
concentration of tall fescue growing with white clover was 
the highest (Table 5). In the summer harvest of Exp 2 it 
did not differ from that growing with red clover or 
birdsfoot trefoil (Table 4). This result is especially 
significant because white clover yields in late spring and 
summer were always lower than yields of the other two 
legumes in both experiments. One possible explanation is 
that the low white clover yields in late spring and summer 
resulted in proportionally more soil N available for tall 
fescue. Also, increased water availability for tall fescue 
could have been beneficial to both dry matter yields and N 
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absorption. The most probable reason, however, seems to be 
a significant release of fixed N from the decaying shoots, 
roots, and nodules of white clover, a common and striking 
process in late spring or early summer (most plants died in 
the second summer of Exp 1). Growth of red clover and 
birdsfoot in late spring and summer was also reduced, but 
much less than in the case of white clover. 
Legume proportion effects 
Since a discussion of the relationships between percent 
legume with the response variables averaged over the three 
mixture types was not of particular interest, results for 
each mixture type will be presented in this section. 
The seeding rates used, plus differences in growth, 
resulted in different legume proportions in the harvested 
herbage of the three mixtures in both experiments (Table 6). 
Variations in legume proportion within the ranges included 
in Exp 1 did not affect total first-year herbage yields 
significantly in any of the three mixture types. Only 
yields from the BTF mixture were positively related to 
percentage legume in the second year (Table 7). Legume 
yields, however, always increased linearly as percentage 
legume increased (Table 7). These results indicate that 
within the particular conditions of this study and 
percentage legume ranges as shown in Table 6, legume and 
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Table 6. Percentage legume ranges observed in three mixture 
types on each harvest of Exp 1 and Exp 2. Ranges 
and means over four legume proportions and three 
replications 
WCpa RCF BTF 
Rb MINC MAX MEAN MIN MAX MEAN MIN MAX MEAN 
Exp 1 Year 1 
1 3 83 38 14 75 44 8 64 24 
2 61 100 82 53 100 77 22 100 58 
3 58 100 83 70 100 86 45 100 76 
4 6 90 22 28 97 58 3 89 35 
Exp 1 Year 2 
5 1 89 20 18 94 54 1 64 10 
6 2 82 33 26 96 62 2 58 20 
7 35 99 56 63 99 83 10 87 40 
8 50 98 73 78 99 85 55 95 72 
9 0 0 0 40 93 
Exp 2 
70 11 96 57 
1 2 91 24 1 92 24 4 91 31 
2 4 48 27 7 64 26 19 55 32 
3 3 97 30 4 80 42 22 98 61 
&WCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
= harvest. 
^MIN = minimum value; MAX = maximum value. 
Table 7. Regression equations of herbage and legume dry matter yield (HY and LY), 
herbage and legume N yield (HNY and LNY), and legume N concentration (NL) 
on percentage legume for three mixture types in Exp 1. Data regressed 
were yearly totals (yields) or averages (N concentration and percentage 
legume) of each experimental unit (n = 12) 
VARb 
wcpB RCF BTF 
Equation R 2 SE^ Equation R 2 SE Equation R2 SE 
Year 1 
HY 7669 - IIX 0. 02 NS 10252 - 24X 0. 07 NS 5941 + 0.8X 0. 00 NS 
LY 1206 + 58X 0. 60 755 904 + 76X 0. 58 1046 -385 + 69X 0.97 291 
HNY 159 + 0.7X 0. 12 NS 197 + 0.6X 0. 05 NS 102 + 0.8X 0.64 13 
LNY 28 + 2.IX 0. 60 27 16 + 2.5X 0. 59 34 -14 + 2.OX 0.98 7 
NL 32 + 0.02X 0. 05 NS 30 + 0.03X 0. 11 NS 28 + 0.02X 0.16 NS 
Year 2 
HY 7243 + 14X 0. 07 NS 13346 - 39X 0. 15 NS 5652 + 65X 0.50 1192 
LY 211 + 99X 0. 95 390 3346 + 64X 0. 45 939 -688 + 125X 0.95 508 
HNY 136 +2.7X 0. 74 27 349 - O.IX 0. 00 NS 74 + 3.5X 0.86 26 
LNY -14 + 4.3X 0. 98 11 110 + 2.3X 0. 56 27 -32 + 4.IX 0.94 363 
NL 34 + O.IX 0. 71 1 36 - O.OIX 0. 00 NS 34 + 0.002X 0. 00 NS 
^WCF = white clover-tall fescue, RCF - red clover-tall fescue, and BTF = 
birdsfoot trefoil-tall fescue. 
^VAR = response variable; yields in kg ha ^ and N concentration in g kg 
*-SE = square root of the residual mean square. 
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tall fescue herbage replaced each other with no effect on 
total herbage yields. Similar results were obtained in most 
of the harvests of this experiment with a significant 
exception in the late-spring harvest of the first year 
(harvest 3), where there was a positive linear relationship 
for the three mixtures (Table 8). 
In Exp 2, legume proportion was not related to annual 
herbage yields in RCF and BTF mixtures, but it was 
negatively correlated with herbage production of the WCF 
mixture (Table 9). Despite nonsignificant effects, there 
were negative relationships for RCF and BTF mixtures, too. 
Examination of the results in the individual harvests of 
this experiment shows that the negative relationships 
described for the WCF mixture was consistent in all 
harvests. Also, there was a significant negative 
relationship for RCF in the first harvest (Table 10). 
Increased yields of legume-grasses as compared to pure 
grass stands with no N fertilization have been shown (Dilz 
and Mulder, 1962; Ta and Faris 1987a). Advantages of 
mixtures compared to pure stands of white or red clover are 
usual (Frame and Harkes, 1987; McBratney, 1981 and 1984) but 
less clear or contradictory reports have been reported for 
alfalfa (Frame and Harkes, 1987; Ta and Faris, 1987). From 
the results of this study it appears that first, there is a 
broad range of legume:grass proportions where total herbage 
Table 8. Coefficients of determination of regressing herbage dry matter yield 
(HY), herbage N yield (HNY), legume N concentration (NL), and tall 
fescue N concentration (NG) on percentage legume for three mixture types 
in harvests of Exp 1 (all significant relationships were positive). Data 
regressed were values from each experimental unit (n = 12) 
WCF® RCF BTF 
Year 1 
yb HY HNY NL NG HY HNY NL NG HY HNY NL NG 
1 NgC NS NS 0.35 NS NS NS NS NS NS 0.39 0.35 
2 NS NS 0.42 NS NS NS 0.49^ NS NS 0.58 NS 0.98^ 
3 0.48 0.52 NS NS 0.39 0.50 0.58^ 0.78° 0.38 0.48 NS NS 
4 NS NS NS 0.67 NS NS NS NS 0.52^ 0.48^ NS NS 
Year 2 
5 NS 0.46 0.72 0.90 NS NS NS 0.91 NS NS NS NS 
6 0.42 0.72 0.47 0.97^ NS NS NS 0.70 NS 0.54 NS NS 
7 NS 0.51 NS 0.83 NS NS NS 0.84^ NS 0.85 NS 0.83 
8 NS NS NS NS NS NS NS 0.48^ 0.67 0.76 NS 0.72 
9 — — NS NS NS NS 0.52 0.62 NS 0.67 
^WCF = white clover-tall fescue, RCF = red clover-tall fescue, BTF = 
birdsfoot trefoil-tall fescue. 
= harvest. 
= not significant relationship, P<0.05. 
^significant quadratic relationship, otherwise linear. 
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Table 9. Regression equations of herbage and legume dry 
matter yield (HY and LY), herbage and legume N 
yield (HNY and LNY), and legume N concentration 
(NL) on percentage legume (X) for three mixture 
types in Exp 2. Data regressed were yearly totals 
(yields) or averages (N concentration and 
percentage legume) of each experimental unit 
(n = 12) 
VAR^ Equation r2 Se'^' 
White clover-tall fescue 
HY 8671 - 59X 0.82 649 
LY 319 + 84X - 0.80X2 0.85 282 
HNY 155 - 0.35X 0.24 NS 
LNY 16 + 2.3X - 0.02X2 0.83 9 
NL 34 + 0.03X 0. 17 NS 
Red clover-tall fescue 
HY 7708 - 22X 0.27 NS 
LY 598 + 41X 0.75 625 
HNY 129 + 0.5X 0.27 NS 
LNY 18 + 1.3X 0.78 18 
NL 31 + 0.02X 0.10 NS 
Birdsfoot trefoil-tall fescue 
HY 8896 - 2IX 0.13 NS 
LY 987 + 43X 0.85 442 
HNY 141 + IX 0.41 28 
LNY 26 + 1.6X 0.86 16 
NL 30 + 0.07X 0.42 2 
^VAR = response variable, yields in kg ha ^ and N 
concentration in mg kg~^. 
^SE = square root of the residual mean square; NS = 
not significant, P<0.05. 
Table 10. Coefficients of determination of regressing herbage dry matter yield 
(HY), herbage N yield (HNY), legume N concentration (NL), and tall 
fescue N concentration (NG) on percentage legume for three mixture types 
in harvests of Exp 2. Data regressed were values from each experimental 
unit (n = 12) 
WCpa RCF BTF 
HY HNY NL NG HY HNY NL NG HY HNY NL NG 
1 0.61C O.45C 0.51 0.82 O.72C 0. 60 0.45 0.93 Nsd NS NS 0.81 
2 0.36^ NS NS 0.51 NS 0.76 NS 0.59 NS 0.38 NS 0.69 
3 0.36^ NS NS NS NS NS NS NS NS NS NS NS 
&WCF = white clover-tall fescue; RCF = red clover-tall fescue, BTF = birdsfoot 
trefoil-tall fescue. 
= harvest. 
^Negative linear relationship, otherwise positive linear. 
^NS = not significant, P<0.05. 
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yields are similar. Secondly, environmental effects have a 
strong influence. 
The positive and distinct relationship pointed out 
between percentage legume and BTF yields in the second year 
of Exp 1 may be explained by observed N deficiency in this 
mixture type. Yields of N were lower here, and tall fescue 
associated with birdsfoot trefoil also had the lowest N 
concentration. During the second year, herbage yield became 
highly dependent on birdsfoot trefoil yields because of the 
reduced growth of tall fescue. A related explanation 
applies for the positive relationship found in the three 
mixtures in the late spring harvest of the first year. In 
the peak-growth period of spring, tall fescue yields 
increased less than for the legumes perhaps because of N 
limitations (see herbage yields in Table 3 and percentage 
legume in Table 6). Thus, herbage yields became more 
dependent on the yield of the legume fraction. 
The clear negative relationship between percentage 
legume and herbage yields in Exp 2 that was especially 
evident in WCF could be explained by a higher N availability 
in the soil compared to Exp 1. Soil mineral-N during the 
first 3 months after planting Exp 2 was twice the amount in 
Exp 1 (approximately 100 kg ha~^ in the top 0.2 m during the 
first month after seeding Exp 2). This was true either at 
the same date (second year of Exp 1) or as compared to 
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equivalent dates in the seeding year of Exp 1 (1 year 
before). The high N availability may have allowed tall 
fescue to express its high yield potential without the need 
for legume N2 fixation. Increasing the proportion of legume 
plants actually decreased the yield potential of the 
mixture. This effect is particularly aggravated in the case 
of white clover because of its lower yield potential in pure 
stands as compared to other legumes. Had this experiment 
been evaluated for a longer time, decreased N availability 
likely would have change the trends shown. The fact that 
the most significant and important negative relationship was 
found in the first harvest support this interpretation. 
The yearly average legume-N concentration generally was 
not significantly affected by legume proportion in any 
mixture type of both experiments. Exceptions were the 
minimal positive effects on WCF in the second year of Exp 1, 
and on BTF in Exp 2 (Tables 7 and 9). Similar lack of 
relationships were found in the majority of the harvests of 
both experiments (Tables 8 and 10). These results are in 
agreement with reports in the literature (Ta and Paris, 
1987a). The capacity of legumes to fix N2 enables their N 
nutrition to be more independent of plant interactions. 
The yearly average N concentration of tall fescue 
increased linearly as percentage legume increased for all 
three mixture types in both experiments (Figures 3 and 4). 
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Figure 3. Regressions of tall fescue N concentration on percentage legume for 
white clover-tall fescue (A), red clover-tall fescue (B), and 
birdsfoot trefoil-tall fescue (C) mixtures in Exp 1. Data regressed 
were yearly averages of each experimental unit (n = 12). 
Y1 = year 1, Y2 = year 2, and SE = square root of the residual mean 
square 
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Figure 4. Regressions of tall fescue N concentration on percentage legume for 
white clover-tall fescue (A), red clover-tall fescue (B), and 
birdsfoot trefoil-tall fescue (C) mixtures in Exp 2. Data regressed 
were yearly averages of each experimental unit (n = 12). 
SE = square root of the residual mean square 
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Increased N concentration of grasses by association 
with legumes has been shown before. This result has special 
significance for its effects on the nutritional quality of 
the herbage produced. The slopes did not differ (P<0.05) 
between mixture types within each experiment-year (Figure 
4). There is, however, a clear difference in slopes between 
the 2 years of Exp 1. In the second year, N concentration 
— 1 
of tall fescue was increased as much as 2 g kg per every 
10% increase in percentage legume (Figure 3). The highest 
slope corresponded to BTF, supporting the previous 
explanations for the dependence of herbage yields on the 
legume fraction. Lower slopes for the RCF mixture in Exp 1 
may be attributed to the higher and narrower range in legume 
proportions obtained in this mixture. 
Several factors may explain legume proportion effects 
on N concentration of associated grasses. First, reduced 
light interception for the grass as a consequence of 
increased legume foliage may reduce biomass growth 
proportionately more than soil N absorption, resulting in 
increased N concentration of grass foliage. Secondly, since 
legumes fix N and usually compete less favorably for soil N, 
proportionately more soil N will be available for grass 
growth in legume-dominated stands. Thirdly, and perhaps 
most important, N transfer from the associated legume may 
increase as legume proportion increases. 
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Increasing legume proportion did not increase tall 
fescue N concentration in every harvest of Exp 1 (Table 8). 
Except for a poor relationship for WCF and BTF mixtures in 
the first harvest, the relationship acquired statistical 
significance mainly during the second year of Exp 1. A 
study of residuals reveals that single outliers may be 
responsible for the positive relationship found in the first 
and second harvest of BTF. This type of response with time 
is consistent with an increasing dependence of tall fescue 
for legume-derived N. Contrary to these results, positive 
linear relationships were obtained in every harvest and 
mixture type of Exp 2, except in summer (Table 10). 
Relationships in the summer season were usually not 
significant in both experiments, perhaps because both 
reduced tall fescue growth, higher experimental error, or as 
soil analysis revealed, higher N available. 
The relationship between annual herbage-N yield and 
percentage legume was always positive and linear in Exp 1 
but its statistical significance was variable. No 
significant relationship was observed in the first year 
except for the BTF mixture. In the second year, total 
herbage-N yield was positively related with white clover and 
birdsfoot trefoil proportion (Table 7). Positive or 
nonsignificant correlations were observed between percentage 
legume and herbage N yields in harvests of Exp l (Table 8). 
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There was a consistent lack of relation between red clover 
proportion and herbage yield in the second year of Exp 1. A 
high and narrow range in percentage legume for this mixture 
type in this second year may explain this result. As it was 
shown before, legume proportion effects on tall fescue N 
concentration were also smaller in the RCF mixture for the 
same reason. 
In Exp 2, the relationship between percentage legume 
and herbage-N yields over all harvests was negative for WCF 
but positive for RCF and BTF mixtures. Statistical 
significance, however, was observed for BTF only (Table 9). 
The correlations between white clover percentage and herbage 
yields was negative in all harvests of this experiment 
(Table 10). This trend was so strong that it offset the 
positive effects of white clover increasing N concentrations 
of tall fescue herbage. In RCF, on the other hand, dry 
matter yields and percentage red clover were negatively 
correlated in the first harvest only. Thus, the more 
consistent positive relationship of percentage red clover 
with both legume and tall fescue N concentrations, resûlted 
in increased herbage-N yields as percentage red clover 
increased (Table 10). 
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Legume Species and Proportion Effects 
on Dinitrogen Fixation 
Legume species effects 
Dinitrogen fixation was expressed either as the 
proportion of legume N derived from the atmosphere (%Ndfa), 
or as legume fixed-N yield per unit area. Values of %Ndfa 
for the three legumes averaged over all treatments and 
harvests ranged from 82 to 90% and 66 to 74% in Exp 1 and 
Exp 2, respectively. In Exp 1, the highest values were 
shown by red clover in the first year and by white clover in 
the second (Figure 5A). In Exp 2, %Ndfa was highest for red 
clover, followed by white clover and birdsfoot trefoil 
(Figure 6A). In spite of the statistical significance, the 
differences described were small in both experiments. 
Moreover, close evaluation of %Ndfa values in each harvest 
of Exp 1 shows that differences between species were usually 
nonsignificant or meaningless, except for the first and 
fourth harvests (Table 11). The same may be concluded for 
data from each harvest of Exp 2 (Table 12). These results 
confirm previous research showing that in legume:grass 
mixtures, legumes have high proportion of fixed N, possibly 
because of competition for soil N by associated grasses. 
Because of the minimal differences in %Ndfa, the amount 
of N2 fixed per unit area was strongly influenced by legume 
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A) Legume N derived from fixation (%Ndfa); B) Legume fixed-N yield. 
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Figure 6. Dinitrogen fixation by white clover (WCF), red clover (RCF), and 
birdsfoot trefoil (BTF), each grown with tall fescue in Exp 2. 
A) Legume N derived from fixation (%Ndfa); B) Legume fixed-N yield. 
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Table 11. Legume N derived from fixation (%Ndfa) and legume 
fixed-N yield for three mixture types in each 
harvest of Exp 1. Means of four legume 
proportions and three replications 
%Ndfa Legume fixed N (kg ha 
Ra wcpb RCF BTF LSO^ WCF RCF BTF LSD 
Year 1 
1 81.8 83.0 66.5 6.4 7.3 11.4 3.2 3.1 
2 91.2 93.1 92.0 1.3 80.7 73.7 28.6 9.7 
3 91.5 93 . 9 94 .1 1.2 33.5 37.8 24.9 7 . 0° 
4 66.1 74.5 78.5 5.5 7.2 33.8 13.2 4 . 1 
Year 2 
5 82.2 78.2 84.9 NS 8.3 24 . 0 3.4 4.6d 
6 92 . 1 91.7 91.1 NS 18.1 31.9 6.4 5.2^ 
7 86.0 80.2 84 . 0 NS 42.9 77.9 26.7 8 . 5 
8 96.3 95. 6 97.4 NS 58.9 80.8 63 . 5 10.id 
9 — — 71.5 73 . 3 NS — — 17.1 16. 6 NS 
= harvest. 
^WCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
^Least significant difference; NS = not significant main 
effect, P<0.05. 
^Ordinary least-square means after adjusting to a 
constant percentage legume did not differ. 
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Table 12. Legume N derived from fixation (%Ndfa) and legume 
fixed-N yield for three mixture types in each 
harvest of Exp 2. Means of four legume 
proportions and three replications 
%Ndfa Legume fixed N (kg ha~^) 
WCpb RCF BTF LSQC WCF RCF BTF LSD 
1 63.6 67.4 50.0 5.8 2.0 0.7 0.3 1.7^ 
2 84.1 88 . 0 82.3 3.8 36.4 40.9 52. 1 7 . 7^ 
3 62.0 67.5 66.4 3.2 3.6 7.2 13.5 2 . 2 
= harvest. 
^WCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
^Least significant difference; NS = not significant main 
effect, P<0.05. 
^Ordinary least-square means after adjusting to a 
constant percentage legume did not differ. 
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dry matter yields. Results from this study show wide 
differences on legume fixed-N yields depending on year, 
experiment, and species. Red clover yielded the highest 
amounts of fixed N in both years of Exp 1, despite a lower 
%Ndfa value in the second year (Figure 5B). Birdsfoot 
trefoil fixed the lowest N2 in both years of this 
experiment. Except for white clover, N2 fixed was highest 
in the second year of Exp 1 compared to the seeding year. 
In Exp 2, however, birdsfoot trefoil yielded the highest 
fixed N (again in spite of low %Ndfa), and the clovers did 
not differ (Figure 6B). Here, the differences between 
species were not as significant as in Exp 1. 
Dinitrogen fixation by the three species studied was 
strongly affected by the season of the year. The %Ndfa of 
all species was always lowest in either the first harvest or 
in summer. Values for these harvests ranged from 66 to 83% 
in Exp 1 (Table 11, harvests 1, 4, and 9), and from 50 to 
68% in Exp 2 (Table 12, harvests 1 and 3). On the other 
hand, average values of up to 97 and 88% were observed in 
other harvests of Exp 1 and Exp 2, respectively. Legume 
fixed-N yields for the three species varied widely between 
harvests being explained by trends in %Ndfa and dry matter 
yields, particularly the latter (Tables 11 and 12). More 
than 80% of the total N2 fixed by white clover was accounted 
for by the spring harvests. Red clover and birdsfoot 
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trefoil showed a more uniform distribution of fixation 
throughout the year, but yet spring harvests accounted for 
more than 50% of the total N2 fixed. 
The lower %Ndfa values in the first harvests may be 
explained by slow development in fixing and photosynthetic 
systems, as well as higher initial soil N depressing 
nodulation and fixation. Birdsfoot trefoil had the lowest 
%Ndfa in the first harvest of both experiments, suggesting a 
slower development of the N2 fixing system in this species 
(Tables 11 and 12). Nitrogen deficiency may partially 
explain the slower establishment of birdsfoot trefoil as 
compared to the clovers in Exp 1, and to its own 
establishment in Exp 2. Direct comparisons between the two 
experiments cannot be made because of the different 
establishment year and earlier planting date in Exp 2. 
The higher initial soil N available in Exp 2, together with 
warmer temperatures because of the earlier planting date may 
be reasons for the better initial growth of birdsfoot 
trefoil in Exp 2. Stimulatory effects of N fertilization on 
legume nodulation and growth have been reported in the 
literature (Alios and Bartholomew, 1959). 
In summer, low %Ndfa values may result from several 
factors. Available soil N in summer was higher than in 
spring, perhaps as a result of a combination of increased 
release of fixed N by the legumes, reduced N absorption, or 
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by higher mineralization rates of soil organic-N. 
Availability of water could also be a factor because water 
deficit induces nodule shedding and reduces fixation (Pate, 
1977; Wilson, 1942). Values for %Ndfa and legume fixed-N 
yield for white clover in summer were the lowest because of 
its intolerance to heat and drought (Table 11, harvests 4 
and 9; Table 12, harvest 3). Also, as it will be shown 
later, available soil N was much higher for white clover 
pastures in summer, thus depressing N2 fixation further. 
High temperatures may also have inhibited N2 fixation in 
summer. In perennial temperate legumes N2 fixation is 
usually more affected than either growth or soil N 
absorption by supraoptimal temperatures (Pate, 1977). 
The lower fixed-N yield of white clover as compared to 
red clover in the fall of the second year of Exp 1 must be 
also pointed out (Table 11, harvest 5). Even though white 
clover is considered a perennial, its fall regrowth often 
resembles that of an annual because most growth is from 
germinating seeds. Thus, tall fescue dominated the white 
clover based swards in the fall (harvest 5), and thus 
influencing the low legume fixed-N yields. Birdsfoot 
trefoil fixed-N yields were also low this season as a 
consequence of low dry matter yields. 
The high %Ndfa values observed in spring are not 
surprising given the near optimal growth rates and maximum 
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soil N absorption. The high values for the winter harvest 
of Exp 1, however, were unexpected (Table 11, harvest 6). 
This result may confirm reports that in certain perennial, 
temperate legumes and within a certain temperature range, 
growth may be more affected than N2 fixation by low 
temperatures (Pate, 1977). Also, mineralization of soil 
organic matter may be reduced by low temperatures, and thus 
lowered available soil N levels in turn, would alleviate 
inhibition of fixation. Indeed, soil available N levels 
this winter were as low as spring values even though dry 
matter yield was much lower. 
As it will be shown later, both %Ndfa and legume fixed-
N yield were affected by legume yield and legume proportion 
in the mixture. This fact plus the recognition that the 
three mixtures studied differed slightly on the average 
percentage legume (specially in the second year of Exp 1), 
lead to an analysis of legume species effects after 
adjusting to a constant percentage of legume. With only a 
few exceptions, neither the significance of the effects nor 
the conclusions that were stated before changed. 
One important exception was the different yearly 
average %Ndfa ranking between the three mixtures in the 
second year of Exp 1. Actual values show lower %Ndfa values 
for red clover, a contradiction respect to the first year of 
the same experiment (Figure 5A). Ordinary least-squares 
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means, however, showed that had legume percentages been the 
same, red clover would have had %Ndfa values slightly higher 
than white clover and birdsfoot trefoil (data not shown). 
This result is similar to the ranking observed the first 
year. Another exception is that adjusted legume fixed-N 
means for the three mixture types usually did not differ in 
the second year of Exp 1 (Table 11). 
Legume proportion effects 
Values of %Ndfa decreased linearly as percentage legume 
increased in both experiments and in the three mixtures. 
With the exception of WCF in the first year of Exp 1, 
variation in legume proportion determined a range in %Ndfa 
values wider than differences between species (Figure 7). 
In Exp 2, the trends observed were similar to those 
described for Exp 1 but slopes were smaller (Figure 8). 
Increasing legume proportion decreased %Ndfa in all 
harvests of the first year in Exp 1, with the exception of 
the first harvest in the three mixtures and for WCF in the 
summer (Table 13). The trends were different, however, 
because quadratic relationships were significant for BTF in 
harvest 2 and 3, and also for RCF in harvest 3. In these 
cases, the decline in %Ndfa values was stronger as 
percentage legume values increased. This curvilinear effect 
was in most cases explained by very low %Ndfa values in 
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Figure 7. Regressions of legume N derived from fixation (%Ndfa) on percentage 
legume for white clover-tall fescue (A), red clover-tall fescue (B), 
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Figure 8. Regressions of legume N derived from fixation (%Ndfa) on percentage 
legume for white clover-tall fescue (A), red clover-tall fescue (B), 
and birdsfoot trefoil-tall fescue (C) mixtures in Exp 2. Data 
regressed were year-averages of each experimental unit (n = 12). 
SE = square root of the residual mean square; NS = not significant, 
P<0.05) 
Table 13. Regression equations of legume N derived from fixation (%Ndfa) and 
legume fixed N on percentage legume (X) for three mixture types in 
harvests of the first year of Exp 1. Data regressed were values from 
each experimental unit (n = 12) 
%Ndfa Legume fixed N (kg ha 
Equation R2 SE^ Equation R2 SE 
White clover -tall fescue 
1 77.7 + O.llX 0.07 NS 0.37 + O.OIX 0.19 NS 
2 106.6 - 0.19X 0.70 1.72 -38.1 + I.IX -• 0.006X2 0.53 1.43 
3 105.3 - 0.17X 0.63 1.76 -5.60 + O.llX 0.63 1.15 
4 64.8 + 0.06X 0.03 NS -0.15 + 0.06X - 0.0004X2 0.96 0.18 
Red clover-tall fescue 
1 87.2 - O.IX 0.09 NS 0.08 + 0.02X 0.45 0.49 
2 103.1 - 0.13X 0.62 1.72 -0.56 + O.lOX 0.59 1.45 
3 27.8 + 1.7X - 0.01X2 0.81 0.82 -3.39 + 0.08X 0.66 0.64 
4 85.3 - 0.19X 0.47 5.39 1.44 + 0.03X 0.53 0.85 
Birdsfoot trefoil-tall fescue 
1 68.0 - 0.07X 0.03 NS 0.07 + O.OIX 0.52 0.20 
2 89 + 0.16X - 0.002X2 0.66 1.24 0.1 + 0.05X 0.94 0.35 
3 83 + 0.37X - 0.003X2 0.53 1.51 -2.32 + 0.06X 0.68 0.80 
4 83.5 - 0.14X 0.47 4.65 -0.13 + 0.06X - 0.0003X2 0.95 0.24 
= harvest. 
^SE = square root of the residual mean square; NS = not significant, P<0.05. 
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several plots having percentage legume values higher than 
90%. In harvests of the second year, the negative relation­
ship was usually significant and linear for WCF (curvilinear 
in one harvest) and RCF mixtures. It was not significant, 
however in any of the fall, winter, and early-spring 
harvests of the BTF mixture (Table 14). In harvests of Exp 
2, there was also a negative linear relationship but it was 
significant only in the first harvest for the WCF and RCF 
mixtures, and in the summer harvest for BTF (Table 15). 
It has been shown that %Ndfa is higher in legume;grass 
mixtures than in pure stands of legumes. A continuous, 
negative relationship between proportion of legume herbage 
and %Ndfa has been reported for white clover by Emeades and 
Goh (1978), and for alfalfa (West and Wedin, 1985). The 
explanation given is that as percentage legume and legume 
dry matter yield increases the legume competes more 
favorably with the grass for available soil N. 
No explanation is readily evident for the smaller 
slopes of the relationships between legume percentage and 
%Ndfa observed in Exp 2. Growth of tall fescue and 
volunteer grasses were more vigorous here, perhaps because 
of higher mineral soil-N values than in Exp 1. Stimulated 
grass growth resulted in lower legume yields and percentage 
legume (Table 6). Results from Exp 1 showed that legume 
proportion effects, which depressed %Ndfa, were stronger at 
Table 14. Regression equations of legume N derived from fixation (%Ndfa) and 
legume fixed N on percentage legume (X) for three mixture types in 
harvests of the second year of Exp 1. Data regressed were values from 
each experimental unit (n = 12) 
%Ndfa Legume fixed N (kg ha 
Equation R2 SE^ Equation R2 SE 
White clover-tall fescue 
• 
5 85.3 - 0.16X 0.27 6.78 -0.07 + 0.05X 0.94 0.31 
6 92.9 - 0.03X 0.06 NS -0.19 + 0.06X 0.84 0.82 
7 95.5 - 0.17X 0.48 3.95 -0.28 + 0.08X 0.81 0.91 
8 74 + 0.81X - 0.007X2 0.86 1.31 -0.36 + 0.09X 0.61 1.04 
Red clover-tall fescue 
5 97.6 - 0.36X 0.68 5.71 1.23 + 0.02X 0.27 NS 
6 100.5 - 0.14X 0.68 1.91 0.37 + 0.05X 0.69 0.61 
7 76.8 + 0.04X 0.02 NS 3.93 4- 0.05X 0.17 NS 
8 114.6 - 0.22X 0.45 1.69 0.95 + 0.08X 0.14 NS 
9 76.8 - 0.08X 0.04 NS -0.54 4- 0.03X 0.74 0.36 
Birdsfoot trefoil--tall fescue 
5 86.8 - 0.20X 0.15 NS 0.04 + 0.03X 0.96 0.11 
6 91.4 - 0.02X 0.01 NS -0.07 + 0.04X 0.86 0.27 
7 84.5 - O.OIX 0.00 NS -0.95 + 0.09X 0.88 0.81 
8 74 + 0.82X - 0.07X2 0.84 1.04 -7.23 + 0.19X 0.81 1.14 
9 82.1 - 0.15X 0.34 5.62 -0.25 + 0.03X 0.77 0.48 
= harvest. 
^SE = square root of the residual mean square; NS = not significant, P<0 . 05. 
Table 15. Regression equations of legume N derived from fixation (%Ndfa) and 
legume fixed N on percentage legume (X) for three mixture types in 
harvests of Exp 2. Data regressed were values from each experimental 
unit (n = 12) 
%Ndfa Legume fixed N (kg ha 
Equation R2 SE^ Equation 
CM 
SE 
White clover -tall fescue 
1 65.7 — 0.07X 0.47 3.19 1.35 + 0.03X 0.21 NS 
2 84.6 - 0.02X 0.00 NS -3.87 + 2.5X - 0.03X2 0.82 6.78 
3 34.2 + 0.14X 0.28 NS 0.83 + 0.21X 0.75 1.51 
Red clover-tall fescue 
1 72.1 — 0.20X 0.67 5.51 0.76 - O.OOIX 0. 00 NS 
2 86.1 + 0.07X 0.05 NS -0.52 + 1.57X 0.93 7.82 
3 66.6 + 0.19X 0.05 NS 0.50 + 0.16X 0.77 2.27 
Birdsfoot trefoil-tall fescue 
1 51.0 — 0.03X 0.16 NS 1.07 + O.lOX 0. 62 2.93 
2 81. 6 + 0.03X 0.01 NS 7.92 + 1.36X 0.75 10.56 
3 77.7 — 0.19X 0.47 5.84 0.83 + 0.21X 0.75 3.55 
= harvest. 
^SE = square root of the residual mean square; NS = not significant, P<0.05 
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high legume percentages. Thus, more significant negative 
relationships between %Ndfa and percentage legume may be 
expected at wide proportion ranges which include strongly 
legume-dominated swards. 
Legume fixed-N yields were always positively related to 
percentage legume. This relationship demonstrates that an 
increase in the amount of legume herbage results in an 
increase in the amount of N2 fixed, which offsets negative 
effects of lowered %Ndfa. The relationships were linear for 
all years and mixtures in Exp 1 (Figure 9). It was 
curvilinear, however, for WCF in Exp 2 (Figure 10). It is 
not possible to conclude that white clover responded 
differently than red clover or birdsfoot trefoil, although 
there was a curvilinear trend (P<0.08) in the first year of 
Exp 1, also. 
The existence of the curvilinear relationship described 
above indicates that at high legume percentages the negative 
effect on %Ndfa is strong enough to compensate for the 
effect of increased legume biomass on N2 fixed per unit 
area. A more practical consequence is that in those cases, 
the amounts of N2 fixed in forage swards may be optimized 
even when grasses make a substantial contribution to herbage 
yield. When the relationship is linear, swards with high 
percentage legume, or pure stands of legumes would be 
required for that purpose. 
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Figure 9. Regressions of legume fixed-N yield on percentage legume for white 
clover-tall fescue (A), red clover-tall fescue (B), and birdsfoot 
trefoil-tall fescue (C) mixtures in Exp 1. Data regressed were 
yearly averages of each experimental unit (n = 12). Yl and Y2 = 
%Ndfa in years 1 and 2, respectively ; SE = square root of the 
residual mean square (all regressions were significant, P<0.05) 
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Figure 10. Regressions of legume fixed-N yield on percentage legume for white 
clover-tall fescue (A), red clover-tall fescue (B), and birdsfoot 
trefoil-tall fescue (C) mixtures in Exp 2. Data regressed were 
yearly averages of each experimental unit (n = 12), SE = square 
root of the residual mean square (all regressions were significant, 
P<0.05) 
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Nitrogen Transfer to Associated Tall Fescue 
The transfer of fixed N from legume to associated tall 
fescue is expressed here as the percentage of tall fescue 
harvested-N derived from the atmosphere (%Ntdfa) and as the 
transferred-N yield which is the amount of tall fescue N 
derived from the atmosphere expressed on an area basis. 
Legume species and season effects 
The yearly average %Ntdfa data shows that between 22 
and 29% of tall fescue N was fixation-derived N in the first 
year of Exp 1 and in Exp 2, respectively. The values 
increased up to 38% in the second year of Exp 1 (Table 16). 
The three mixture types studied did not differ except for 
the second year of Exp 1 when birdsfoot trefoil transferred 
less N that the clovers. Over the three legume:grass 
mixtures transferred-N yields averaged 13 and 2 3 kg ha in 
the first years of Exp 1 and Exp 2, respectively. In the 
second year of Exp 1 transferred-N yields were higher than 
in the first year, ranging from 21 to 31 kg ha ^ (Table 16). 
Nitrogen transfer was strongly affected by harvest date 
and season of the year. Transfer increased with time in the 
three mixture types studied. The %Ntdfa values in Exp 1 
ranged from less than 20% in the first harvest to more than 
50% for white clover and red clover mixtures in the last 
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Table 16. Percentage of tall fescue N derived from the 
atmosphere (%Ntdfa) and transferred-N yield (NTY) 
in Exp 1 and Exp 2. Data are means of yearly-
averages (%NT) or totals (NTY, kg ha ) of four 
legume proportions and three replications 
WCF® RCF BTF LSD* 
Exp 1 Year 1 
%Ntdfa 25.0 24.3 22.4 NS 
NTY 14.7 12.8 9.9 NS 
Exp 1 Year 2 
%Ntdfa 37.5 37.3 26.9 7.3 
NTY 31.1 23.3 20.6 8.3 
Exp 2 
%Ntdfa 28.9 27.5 28.8 NS 
NTY 24.6 21.8 21.6 NS 
&WCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
^LSD = least significant difference, P<0.05. 
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harvests (Figure 11). Transferred-N yields were higher in 
the second year of Exp 1. Changes in yield of transferred-N 
among seasons or harvests within a year were consequence of 
variations of %Ntdfa values but were more strongly 
influenced by tall fescue growth (Figure 12). Changes in N 
transfer with time were less in Exp 2 because of the shorter 
evaluation period. Still, %Ntdfa values ranged from 22% in 
the first harvest to 40% in the last harvest (Table 17). 
Nitrogen transfer by the three legume species did not 
differ in harvests of the first year in any experiment 
except for the summer harvest in Exp 1. Differences in 
%Ntdfa among mixture types increased with time in Exp 1, 
with red clover and white clover transferring more N than 
birdsfoot trefoil (Figure 11). Differences between species 
in transferred-N yields showed trends similar to %Ntdfa over 
harvests, with differences increasing with time (Figure 12). 
A %Ntdfa value of approximately 20% was observed in the 
first harvests of both experiments and it translated into 
very low amounts of N transferred given the dry matter and N 
yields of tall fescue. This result is consistent with 
previous reports of lower transfer in first harvests (Brophy 
et al., 1987). Fixation is low shortly after planting and 
transfer mechanisms such as nodule and root turnover are not 
fully operative. 
The significantly lower transfer by birdsfoot trefoil 
HARVEST 
Figure 11. Percentage of tall fescue N derived from the atmosphere (%Ntdfa) 
for white clover-tall fescue (WCF), red clover-tall fescue (RCF), 
and birdsfoot trefoil-tall fescue (BTF) mixtures in each harvest of 
Exp 1. Means of four legume proportions and three replications. 
Numbers above bars are least significant differences (P<0.05) of 
significant mixture main effects 
10 
HARVEST 
Figure 12. Transferred-N yield for white clover-tall fescue (WCF), red 
clover-tall fescue (RCF), and birdsfoot trefoil-tall fescue (BTF) 
mixtures in each harvest of Exp 1. Means of four legume 
proportions and three replications. Numbers above bars are least 
significant differences (P<0.05) of significant mixture main 
effects 
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Table 17. Percentage of tall fescue N derived from the 
atmosphere (%Ntdfa) and transferred-N yield (NTY) 
for three mixture types in each harvest of Exp 2. 
Data are means of four legume proportions and 
three replications 
%Ntdfa NTY (kg ha"^) 
WCpb RCF BTF LSOC WCF RCF BTF LSD 
1 21.8 22.2 21.4 NS 3.4 2.9 2.7 NS 
2 26.6 22.9 25.6 NS 17.0 14.1 15.2 NS 
3 38.3 37.3 39.5 NS 4.3 4.7 3.7 NS 
SE^ w
 
o
 
3.8 3.4 0.20 0.17 0.14 
= harvest. 
bwCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
^Least significant difference of mixture type main 
effect; NS = not significant, P<0.05. 
= standard error of a harvest mean. 
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in the second year of Exp 1 agrees with the earlier 
observation regarding an increasing N deficiency with time 
in BTF pastures. This low N transfer may be a direct result 
of the lower amounts fixed by birdsfoot trefoil. Other 
reasons such as less efficient transfer mechanisms, however, 
cannot be discarded. 
White clover transferred significantly more N in both 
summers of Exp 1 (harvests 4 and 9) with effects evident in 
both %Ntdfa (Figure 11) or transferred-N yield (Figure 12). 
This result is in agreement with higher N concentrations of 
tall fescue in the summer. It must be assumed that most of 
this transferred N is fixed N released in late spring and 
early summer. This is especially clear in the second 
harvest of Exp 1 (harvest 9) inasmuch as there was no growth 
of white clover in the summer yet, the associated tall 
fescue showed the highest proportions of N transferred among 
the three mixture types. 
In Exp 2, however, transfer by white clover did not 
differ from the other legumes (Table 17). The ninth harvest 
in Exp 1 and the third in Exp 2 were in the same year, and 
they had similar previous harvest dates and managements. 
Yet, white clover death occurred during late spring and 
early summer only in Exp 1, apparently because of water 
stress. This was not evident in Exp 2. This differential 
response could be explained by two factors, one pertaining 
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to age of the white clover stand. White clover was a 
second-year stand in the ninth harvest of Exp 1, but it was 
still in its first year in Exp 2. Thus, the fact that white 
clover root systems are predominantly tap-rooted and deeper 
in first-year stands may explain its intolerance to drought 
in the second summer of Exp 1. The second explanation 
centers on the previous tall fescue growth which was higher 
in Exp 2, with lower contributions to herbage yield by white 
clover and less N2 fixed. Thus, lower previous N2 fixation, 
and the existence of white clover growth during the summer 
may have determined lower release of fixed N by nodule 
shedding and root death in Exp 2. 
From the previous discussion it is evident that the 
amount of N transferred measured in a particular harvest may 
be related to legume fixation and growth during that 
particular period but also to fixation in previous periods. 
It is not possible to estimate accurately the amount of N 
fixed and transferred in each particular period. It appears 
that one or more mechanisms operated fairly constantly and 
at a rather low intensity during the growing season. In 
late spring or early summer, however, water and perhaps 
temperature stresses favored a more efficient transfer 
mechanism in white clover, which resulted in the much higher 
transfer measured in the summer harvests. These results 
show the importance of environmental and other factors on 
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the processes underlying N2 fixation and transfer. 
Legume proportion effects 
Variations in the legume proportion of the swards 
affected N transfer by the three legumes in both 
experiments. An increase in the legume proportion resulted 
in a linear increase of %Ntdfa, although the error present 
was usually large. Regressions were not significant for 
white clover and red clover in the first year of Exp 1 
although the trend was still evident (Figure 13). In Exp 2 
the relationship was positive and linear for the three 
species (Figure 14). Contrary to %Ntdfa, transferred-N 
yields were decreased linearly or were not affected by 
increasing legume percentages in Exp 1. Coefficients of 
determination, however, were usually low (Table 18). In Exp 
2 transferred-N yields were not significantly related to 
percentage legume in any of the three mixtures (Table 18). 
A positive relationship between legume proportion and N 
transfer may be the result of more released-N available for 
less tall fescue herbage when legume biomass is high. The 
detection of positive correlations between legume proportion 
and %Ntdfa through isotopic methods confirms that the 
increase observed on tall fescue N concentration was, at 
least partially, the result of increased N transfer. 
Regressions between legume proportion and %Ntdfa in 
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Figure 13. Regressions of the percentage of tall fescue N derived from the 
atmosphere (%Ntdfa) on percentage legume for white clover-tall 
fescue (A), red clover-tall fescue (B), and birdsfoot trefoil tall 
fescue (C) mixtures in Exp 1. Data regressed were yearly averages 
of each experimental unit (n = 12). Y1 and Y2 = %Ntdfa in years 1 
and 2, respectively. SE = square root of the residual mean square; 
NS= not significant, P<0.05 
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Figure 14. Regressions of the percentage of tall fescue N derived from the 
atmosphere (%Ntdfa) on percentage legume for white clover-tall 
fescue (A), red clover-tall fescue (B), and birdsfoot trefoil tall 
fescue (C) mixtures in Exp 2. Data regressed were yearly averages 
of each experimental unit (n = 12). SE = square root of the 
residual mean square; NS= not significant, P<0.05 
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Table 18. Regression equations of transferred-N yield (NTY, 
kg ha" ) on percentage legume (X) for three 
mixture types in Exp 1 and Exp 2. Data regressed 
were yearly totals (NTY) or averages (percentage 
legume) of each experimental unit (n = 12) 
MIX^ Equation R2 SE^  
Exp 1 Year 1 
WCF 25.8 - 0.20X 0.17 NS 
RCF 39.1 - 0.40X 0.84 2.8 
BTF 15.6 - 0.12X 0.32 4.0 
Exp 1 Year 2 
WCF 38.6 - 0.21X 0.05 NS 
RCF 69.9 - 0.66X 0.58 7.5 
BTF 16.0 + 0.12X 0.11 NS 
Exp 2 
WCF 26.7 - 0.08X 0.02 NS 
RCF 21.9 - 0.004X 0.00 NS 
BTF 12.1 + 1.36X 0.33 NS 
^MIX = mixture type: WCF = white clover-tall fescue, 
RCF = red clover-tall fescue, BTF = birdsfoot trefoil-tall 
fescue. 
^SE = square root of the residual mean square; NS = 
not significant, P<0.05. 
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each harvest of both experiments were always positive but 
usually nonsignificant for all species (data not shown). In 
WCF the relationship was statistically significant in four 
harvests of the second year with slopes ranging from 0.37 to 
0.5. Significant regressions were observed in three 
harvests of BTF (slope from 0.5 to 0.84), and in only one 
harvest of RCF (slope 0.62). In Exp 2 relationships were 
significant only for BTF in the first and second harvests, 
with slopes 0.34 and 1.23, respectively. 
A high measurement error is to be expected in N2 
fixation and transfer studies when fixation or transfer are 
15 low, given the small difference in % N atom excess between 
the test and reference crops (Hardarson et al., 1988). 
Thus, it is not surprising that the relationship between 
legume proportion and %Ntdfa or transferred-N yields in this 
study were not significant in the individual harvests but 
acquired significance when yearly averages were regressed. 
Total fixation in harvested herbage 
With measurements of both legume fixed-N and 
transferred-N yields available, the total amount of fixed-N 
yield in the harvested herbage (legume plus tall fescue) can 
be estimated. The amounts of N transferred were very low as 
compared to legume fixed-N yields. As a consequence, 
herbage fixed-N yields followed trends similar to legume 
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fixed-N. Differences in favor of N transferred by white 
clover as compared to red clover in Exp 1 were not enough to 
offset the impact of red clover fixed-N yields on the total 
amount fixed (Figure 15). In Exp 2 the same conclusion is 
evident even though transfer appeared more important 
relatively to legume fixation (Figure 16). 
The amount of herbage N fixed in the seeding year for 
WCF and RCF mixtures did not differ much and were 
approximately 150 and 70 kg ha ^ in Exp 1 and Exp 2, 
respectively. Herbage N fixed for the BTF mixture in the 
seeding year was more consistent between experiments 
although still variable, and the amounts fixed were 60 and 
90 kg ha ^ in Exp 1 and Exp 2, respectively. In the second 
year of Exp, 1 differences between mixtures maximized. 
Herbage N fixed was more than 250 kg ha~^ for RCF whereas it 
was only 160 and 140 kg ha ^ of N for WCF and BTF mixtures, 
respectively. 
Herbage fixed-N yields were positively correlated with 
legume proportion showed that as legume proportion. The 
type of relationship and the slopes varied with legume 
species and experiment. In Exp 1, the relationship was 
curvilinear for the WCF mixture in both years of the study, 
whereas it was linear for the other two mixtures (Figure 
17). The observed curvilinear trend for WCF is in agreement 
with observations on the relationships between legume 
300 
mm WCF 
Ea RCF 
BSS BTF 
LSD - 18 
LSD - 17 
LSD-7 
LSD = NS 
I 200 
o 
2* 150 
B 
LSD - 15 
LSD - 18 
i i i 
H 
H 
-0 
NTY LNY HFNY NTY LNY HFNY 
Figure 15. Legume fixed-N (LNY), transferred-N (NTY), and herbage fixed-N 
(HFNY) yields for white clover-tall fescue (WCF), red clover-tall 
fescue (RCF), and birdsfoot trefoil-tall fescue (BTF) in the first 
(A) and second (B) years of Exp 1. Means of four legume 
proportions and three replications. LSD = least significant 
difference, P<0.05 
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Figure 16. Legume fixed-N (LNY), transferred-N (NTY), and 
total herbage fixed-N (HFNY) yields for white 
clover-tall fescue (WCF), red clover-tall fescue 
(RCF), and birdsfoot trefoil-tall fescue (BTF) 
mixtures in Exp 2. Means of four proportions 
and three replications. LSD = least significant 
difference, P<0.05 
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Figure 17. Regressions of annual herbage fixed-N yields (legume fixed-N plus 
transferred N) on percentage legume for white clover-tall fescue 
(A), red clover-tall fescue (B), and birdsfoot trefoil tall fescue 
(C) mixtures in Exp 1. Data regressed were yearly totals of each 
experimental unit (n = 12). Yl and Y2 = fixed N in years 1 and 2, 
respectively. SE = square root of the residual mean square; 
NS= not significant, P<0.05 
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proportion and legume fixed N. Because of the lack of low 
percentage-legume observations for the RCF mixture type in 
this experiment, it is not possible to conclude if mixtures 
including this species would be more similar to white clover 
or to birdsfoot trefoil. The less pronounced slopes 
observed for RCF could be the result of a near-plateau trend 
in that range (as in white clover) or a fraction of a 
steeper linear trend. 
The relationships between legume proportion and herbage 
fixed-N yield, however, were linear for the three mixtures 
in Exp 2 (Figure 18). Error was higher in this experiment, 
and there was a lack of high percentage-legume observations 
that precluded statistical significance of the curvilinear 
trend observed in WCF. The response observed in RCF, 
however, suggests a similar linear response to that in BTF. 
The implications of a positive, curvilinear 
relationship between herbage N fixed and legume proportion 
as observed for the WCF mixture in Exp 1 are important. 
Firstly, it means that pure legume swards are not necessary 
to maximize N2 fixation. Further, this result is desirable 
because maximum N2 fixation in grazing systems could be 
achieved with a concomitant optimization of forage dry 
matter yield and quality with a low incidence of bloat. 
When relationships are clearly linear as in BTF, legume pure 
stands are required to obtain maximum N2 fixation. 
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Figure 18. Regressions of annual herbage fixed-N yields (legume fixed-N plus 
transferred N) on percentage legume for white clover-tall fescue 
(A), red clover-tall fescue (B), and birdsfoot trefoil tall fescue 
(C) mixtures in Exp 2. Data regressed were yearly totals of each 
experimental unit (n = 12). SE = square root of the residual mean 
square; NS= not significant, P<0.05 
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Fertilizer-N Effects on Dry Matter Production, 
N Yield, and Dinitrogen Fixation 
In the fall of 1984 (23 March), N rates of 0 or 100 kg 
ha ^ were applied to the established swards of Exp 1, and 1 
week before seeding pastures in Exp 2 (21 April 1984). 
Nitrogen treatments were applied to the three mixtures but 
only to plots having legume proportions 2 and 4 (referred 
herein as low and high). Thus, meaningful comparisons of N 
effects on the three mixture types may be obtained by 
studying results from those plots. 
Dry matter and N yields 
Annual herbage (legume plus tall fescue) yields were 
not significantly affected by N fertilization in Exp l. The 
yearly average N concentration of legume and tall fescue 
components and annual herbage-N yields were not affected. 
Percentage legume of the swards, however, was reduced 
significantly. These results were consistent in all three 
mixture types (Table 19) and in the two legume proportions 
(data not shown). 
In Exp 2, annual herbage yields and N concentration of 
legume or tall fescue components were not affected by N. 
Both percentage legume and annual herbage-N yields, however, 
were reduced (Table 19). As in Exp 1, N effects were 
123 
Table 19. Effects of N applied in harvest 4 of Exp 1 and 
at seeding in Exp 2 on herbage dry matter (HY) 
and N (HNY) yields, percentage legume, and tall 
fescue N concentration (NTF) for three mixture 
types in the subsequent year. Means of yearly 
totals (HY, HNY) or averages (percentage legume, 
NTF) of two legume proportions and three 
replications 
Mixa N HY HNY Legume NTF 
— T 
-1 kg ha % g kg 
Exp 1 Year 2 
WCF 0 7782 251 41.0 26.2 
100 8478 266 39.8 26.2 
RCF 0 9822 327 78.7 29.2 
100 10311 336 74.3 29.3 
BTF 0 8532 235 48.1 23.8 
100 8550 231 33 . 0 24 . 3 
SE^ 434(NS) 15(NS) 3 . 3 0.5(NS) 
Exp 2 
WCF 0 6640 143 37.2 23.7 
100 7036 120 26.3 21.8 
RCF 0 6938 154 44.3 23 . 6 
100 6797 115 26.3 22. 6 
BTF 0 7843 190 53.4 22 , 4 
100 6665 134 43 . 1 23 . 2 
SE 306(NS) 7 3 .1 0.7(NS) 
^MIX = mixture type: WCF = white clover-tall fescue, 
RCF = red clover-tall fescue, BTF = birdsfoot trefoil-tall 
fescue. 
^SE = standard error of an N mean at the same mixture 
type; NS = not significant (P<0.05). Interactions between 
N, mixture type, and legume proportion were never 
significant (P<0.05) 
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similar in all mixture types and legume proportions. 
The results shown for annual yields or yearly averages 
are misleading because the effect of the one-time N 
application did not remain the same over the year. Herbage 
dry matter yields were increased only in the first two 
harvests after N application in Exp 1 (harvests 5 and 6) 
independently of the mixture type or legume proportion 
(Table 20). Tall fescue N concentration was increased in 
the first two harvests after N was applied, was not affected 
in the following two, but was decreased in the last harvest. 
Legume N concentrations were never affected (data not 
shown). Percentage legume, however, was only slightly 
affected in the first harvest after application (harvest 5) 
but was strongly depressed afterwards (Table 20). 
The observed effects of N on dry matter yields and N 
concentration in Exp 1 determined that herbage N yields were 
increased only in harvest 5, i.e., shortly after application 
(Figure 19). In spite of nonsignificant interactions 
(P<0.05) between N and mixture type in any harvest, 
depressing effects of N on herbage N yield in harvest 5 were 
more evident in BTF than in WCF or RCF mixtures. After 
harvest 6, N effects reversed in BTF, and N yields were 
lower when fertilizer-N had been applied. This reverse 
effect was significant (P<0.05) in harvest 9. 
The particularly negative effects of N on birdsfoot 
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Table 20. Effects of 0 or 100 kg ha of N applied in 
harvest 4 of Exp 1 on herbage dry matter yields, 
percentage legume, and N concentration of tall 
fescue for three mixture types in harvests of 
the subsequent year. Means of two legume 
proportions and three replications 
WCF& RCF BTF 
0 100 0 100 0 100 SEC 
Herbage dry matter yield (kg ha 
5 1310 1782 1299 1612 1126 1813 19. 2 
6 1180 1713 1310 1350 815 1230 12 . 2 
7 2289 2252 2827 2973 1850 1612 NS 
8 2611 2265 3218 3201 3105 2709 NS 
9 393 466 1169 1175 1635 1186 NS 
Percentage legume (%) 
5 28.5 30.8 70.4 65.4 16.1 11.5 NS 
6 45.9 35.7 73.9 64.5 30.2 7 . 9 4 . 0 
7 66.4 59.7 90.6 76.9 51.4 41.2 3 . 0 
8 78.9 72.6 90.2 84.3 78.2 61.3 4 . 1 
9 0.0 0.0 68.2 80.2 64.4 43.4 NS' 
Tall fescue N concentration (g kg 
5 26.1 30.6 29.6 37.0 22.6 30.3 1.1 
6 26.5 24.8 28.6 24.8 21.9 22 . 0 0.3 
7 25.6 28.5 33.4 30.4 24.0 24.2 NS 
8 22. 1 20.1 24.9 24.1 22.7 20.3 NS 
9 30.7 26.8 29.5 29.7 27.8 24.5 0.3 
^WCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
= harvest. 
"^SE = standard error of an N mean at the same mixture 
type; NS = not significant, P<0.05. 
^Significant interaction N by mixture type (white 
clover-tall fescue mixture was not included); otherwise, no 
interaction was significant. 
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Figure 19. -1 Effects of 0 or 100 kg ha ^ of N applied in 
harvest 4 of Exp 1 on herbage dry matter yields 
of three mixture types in the subsequent year. 
Means of two legume proportions and three 
replications. SE = standard errors of an N mean 
at the same mixture type within each harvest; 
NS = not significant (P<0.05). (The interaction 
N by mixture was always not significant) 
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trefoil stands explains the contrary effects of N in first 
or last harvests (Table 20). The differential effects of N 
on percentage legume were strong enough to determine a 
significant three-way interaction (N by mixture type by 
legume proportion) in harvest 6. In swards including any of 
the clovers, N fertilization reduced legume percentages only 
when legume proportion was low. In the BTF mixture, 
however, legume contribution to harvested herbage was 
drastically reduced in both legume proportions (Figure 20). 
The data obtained evidence that birdsfoot trefoil was 
the legume most sensitive to N fertilization in this 
experiment. Nitrogen stimulated tall fescue growth in the 
first two harvests after application. Visual observations 
of the pastures indicated a loss of birdsfoot trefoil plants 
after N application that was not evident for any of the 
clovers. Increased shading of legume seedlings by tall 
fescue foliage perhaps was more detrimental to birdsfoot 
trefoil, a species recognized for its sensitivity to low 
light intensities (Smith and Nelson, 1985). Differences in 
the initial botanical composition of RCF and BTF mixtures in 
Exp 1 could be partially responsible for the results 
described, also. This is not likely, however, because white 
clover and birdsfoot trefoil mixtures had very similar 
legume percentages but differences in the response to N 
fertilization along the season were still evident. 
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Nitrogen effects also varied with harvests in Exp 2. 
Stimulatory effects on herbage and N yields in the first 
harvest were less significant than in Exp 1, and tall fescue 
N concentration was not affected (Table 21). Depressions 
of percentage legume and herbage N yields after the first 
harvest, however, were much stronger here and with no 
significant N by mixture type interaction. In the first 
harvest, the three mixtures responded similarly to N 
fertilization. The positive effects of N on herbage and N 
yields were more evident (P<0.05) in the low legume 
proportion, because there were more tall fescue plants 
present to respond (Figure 21). 
Even though results from both experiments are not 
contradictory, the highest sensitivity to N fertilization 
shown by birdsfoot trefoil in Exp 1 was less evident in Exp 
2. Also, negative effects of N on percentage legume and on 
annual herbage N yields were more marked in Exp 2. 
Differences in initial growth rates between species in the 
two experiments and differences in available soil N may 
explain these divergences. Legume seedlings, particularly 
birdsfoot trefoil, are sensitive to increased competition 
from associated grasses as more N becomes available. 
Nitrogen was applied at seeding in Exp 2 whereas in Exp 1, 
swards were one-year old. Mineral soil-N levels were higher 
in Exp 2 probably because of mineralized N accumulated 
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Table 21. Effects of 0 or 100 kg ha~^ of N applied at 
seeding of Exp 2 on herbage dry matter and N 
yields, percentage legume, and N concentration of 
tall fescue for three mixture types in harvests 
of the subsequent year. Means of two legume 
proportions and three replications 
WCPS RCF BTF 
0 100 0 100 0 100 SEC 
Herbage dry matter yield (kg ha~^) 
1 
2 
3 
597 
5445 
598 
1082 
5335 
619 
433 
5780 
724 
961 
5007 
830 
887 
5935 
1020 
1194 
4694 
778 
135 
293 
NS 
Herbage N yield (kg ha~^) 
1 
2 
3 
14.6 
110.9 
17.8 
28.2 
77.1 
15.1 
9.5 
123 .5 
21.4 
22.3 
68.5 
23.5 
24.8 
133.5 
31.3 
33.1 
75.9 
24.7 
2.7 
5.7 
NS 
Percentage legume (%) 
1 39.6 25.7 43.1 25.0 49.9 42.5 5.2 
2 30.5 15.2 36.9 11.6 37.4 20. 3 2.1 
3 41.4 38.0 53.1 42.2 73.0 66. 5 NS 
Tall fescue N concentration (g kg 
1 28.7 31.9 29.1 30.4 30.0 29.2 NS 
2 17.8 12.3 17.2 12.1 17.6 13.4 0.8 
3 24.7 21.2 24.6 25.3 19.7 26.9 NS(^ 
^WCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
= harvest. 
CsE = standard error of an N mean at the same mixture 
type; NS = not significant, P<0.05. 
^significant interaction N by mixture type, otherwise, 
no interaction was significant. 
131 
B 
SE - 0.22 
LOW HIGH 
LEGUME PROPORTION 
Figure 21. Effects of 0 or 100 kg ha of N applied at 
seeding of Exp 2 on herbage dry matter (HY) 
yield (A) and herbage N (HNY) yield (B) in the 
first harvest as affected by legume proportion. 
Means of three mixture types and three 
replications. SE = standard error of an N mean 
at the same legume proportion 
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during seedbed preparation whereas in Exp 1 soil N was being 
absorbed. On the other hand, for possible reasons discussed 
before, birdsfoot trefoil showed a very vigorous initial 
growth after seedling emergence in Exp 2. As a consequence 
it may have been less sensitive to high available N (from 
either soil or fertilizer) and to shading by the associated 
tall fescue. 
Dinitroaen fixation 
A one-time application of 100 kg ha ^ of N decreased N2 
fixation by the three legumes tested in this study. Both 
%Ndfa values and legume fixed-N yields were reduced in both 
experiments. 
Nitrogen effects on yearly averages values of %Ndfa are 
shown in Table 22. Some statistically significant 
differences in the N effects, depending on mixture type and 
legume proportion in Exp 1, are difficult to interpret. 
According to yearly averages, %Ndfa in white clover was the 
most depressed in Exp 1. Nitrogen effects, however, were 
similar in both legume proportions. In Exp 2, on the other 
hand, legumes responded similarly to N (nonsignificant N by 
mixture type interaction), but N effects were more 
depressing when the legume proportion was high. 
Nitrogen effects on %Ndfa varied throughout the year, 
and similarly to dry matter and N yields, yearly averages 
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Table 22. Effects of 0 or 100 kg ha of N applied in 
harvest 4 of Exp 1 and at seeding in Exp 2 on 
legume N derived from the atmosphere for three 
mixture types in the subsequent year. Means of 
three replications, and five (Exp 1) or three 
(Exp 2) harvests 
WCPB RCF BTF 
PROpb 0 100 0 100 0 100 
Exp 1 Year 2 
LOW 91.2 83.5 83.6 80.4 88 . 8 82.2 
HIGH 78.5 77.2 82.4 73.7 84.6 76.7 
MEAN 87.3 77.8 82.0 78.0 85.5 80.9 
SE(= = 1.2 
INT^ : N X MIX and N X MIX X PROP 
Exp 2 
LOW 70.7 70.4 76.4 72.2 65.5 61.6 
HIGH 67.7 60.3 70.6 57.3 65.0 55.3 
MEAN 69.2 65.3 73.5 64.2 65.3 58.5 
SE = 2.3 
INT : N X PROP 
&WCF = white clover-tall fescue, RCF = red clover-tall 
fescue, BTF = birdsfoot trefoil-tall fescue. 
bpROP = legume proportion. 
^SE = standard error of an N mean at the same mixture 
type and legume proportion. 
d^NT = significant (P<0.05) interactions: N x MIX = N 
by mixture type; N x MIX x PROP = N by mixture type by 
legume proportion; N x PROP = N by legume proportion. 
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are misleading. The most negative effects of N on %Ndfa 
were observed in the first and second harvests after 
fertilization in Exp 1. In the first harvest, red clover 
was the species least affected and birdsfoot trefoil the 
most (Figure 22). Values of %Ndfa in birdsfoot trefoil were 
reduced from 82 to 49%. After the second harvest, however, 
%Ndfa of white clover and red clover were not affected by N, 
whereas those in birdsfoot trefoil were increased. This 
contrasting response may be explained by the differential 
effects of N on dry matter yields and percentage legume 
throughout the year, as discussed before. In the second 
harvest after N application and afterwards, birdsfoot 
trefoil plots had the largest difference in percentage 
legume between the fertilized or nonfertilized treatments of 
the three mixture types. Thus, because of legume proportion 
effects on %Ndfa discussed in previous sections, %Ndfa 
values were higher in birdsfoot trefoil plots that had 
received N. 
Variations of N effects on N2 fixation over the season 
were also evident in Exp 2. Values of %Ndfa were reduced 
drastically in the first harvest but contrary to Exp 1, 
response to N was not statistically different among the 
three legumes (Figure 23). The largest decrement in %Ndfa 
values, however, corresponded to birdsfoot trefoil (40%) 
versus 36 and 25% for red and white clovers, respectively. 
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HARVEST 
Effects of 0 or 100 kg ha of N applied in 
harvest 4 of Exp 1 on the percentage of legume N 
derived from the atmosphere for three mixture 
types in the subsequent year. Means of two 
legume proportions and three replications. SE = 
standard error of an N mean at the same mixture 
type within each harvest; NS = not significant 
(P<0.05). (The interaction N by mixture was 
significant in harvests 5 and 9) 
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Figure 23. Effects of 0 or 100 kg ha of N applied at 
seeding of Exp 2 on the percentage of legume N 
derived from the atmosphere in three mixture 
types in the subsequent year. Means of two 
legume proportions and three replications. The 
standard error of an N mean at the same mixture 
type was 3.9 in harvest 1, otherwise, main 
effects and interactions were not significant 
(P<0.05) 
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In the following harvests, N effects were not evident in any 
of the three species. As in Exp 1, the most negative N 
effects on %Ndfa observed in the first harvest were detected 
in plots with the high legume proportion. Afterwards, N 
effects were no longer evident (Figure 24). 
From the data presented here it is evident that 
observed N effects on %Ndfa may be the net result of two 
processes. Firstly, there is an initial inhibitory effect 
on N2 fixation which continues until combined N in the root 
environment is reduced to a certain level. Secondly, after 
soil N has been reduced, there is a stimulatory effect 
occurring, but only if legume proportion in the sward is 
reduced significantly. 
Legume fixed-N yields were also depressed by the 100 kg 
ha ^ rate of N applied. This is the expected result of the 
observed responses in dry matter yields, percentage legume, 
and %Ndfa. Interactions of mixture type and legume 
proportion with N were not significant in Exp 1 indicating 
that N influenced legume fixed-N yields similarly in the 
three mixtures types and in the two legume proportions. In 
relative terms, however, fixed-N yields were reduced by 3 3% 
in birdsfoot trefoil whereas reduction was 14 and 9% in 
white and red clover, respectively (Figure 25). Also, N 
fertilization reduced fixed-N yields by 27% at low legume 
proportions but only 10% when it was high (Figure 25). 
138 
100 
80 
EZa 100 N 
O 60 
M— 
T3 
z 
X 40 
20 
0 —' LOW HIGH 
HARVEST 2 
HARVEST 3 HARVEST 1 
SE-3.2 
LOW HIGH 
LEGUME PROPORTION 
LOW HIGH 
Figure 24. Effects of 0 or 100 kg ha of N applied at 
seeding on the percentage of legume N derived 
from the atmosphere (%Ndfa) in harvests of Exp 2 
as affected by two legume proportions. Means of 
three mixture types and three replications. 
SE = standard error of an N mean at the same 
legume proportion; the interaction N by legume 
proportion was significant in harvest 1 
(P<0.05). No effect was significant in other 
harvests 
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Figure 25. Effects of 0 or 100 kg ha of N applied in 
harvest 4 of Exp 1 on subsequent annual legume 
fixed-N yields as affected by mixture type and 
legume proportion. Means of two legume 
proportions (mixture mean) or three mixture 
types (proportion mean) and three replications. 
SE = standard error of an N mean; interactions 
were not significant. WCF = white clover-tall 
fescue, RCF = red clover-tall fescue, BTF = 
birdsfoot trefoil-tall fescue 
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Statistical significance and ranking of treatments in all 
harvests of Exp 1 were similar to those reported in yearly 
averages (data not shown). 
Lower annual fixed-N yields were also observed for the 
fertilized treatment in Exp 2. Statistical analysis showed 
no significant interactions indicating that N effects were 
similar in all mixtures and legume proportions. In relative 
terms, however, N effects appear to be less important for 
the WCF mixture and when legume proportion is low in any 
mixture (Figure 26A). Annual totals in this experiment were 
strongly influenced by the high dry matter and N yields of 
the spring harvests (it must be remembered that two harvests 
were pooled as harvest 2). Trends in the first harvest 
after N application (harvest 1) were radically different, 
with fixed-N yields being most reduced in birdsfoot trefoil 
and in the high legume proportion (Figure 26B). Nitrogen 
effects in the first harvest were different from the total 
because shortly after fertilization, the reduction on %Ndfa 
in birdsfoot trefoil had more relative weight influencing 
legume fixed N than did the reduced legume percentages. 
Values of %Ndfa were slightly more reduced in birdsfoot 
trefoil in the first harvest as compared to the clovers, 
whereas its proportion in the mixture was reduced the least. 
Nitrogen fertilization decreased %Ndfa most but legume 
N fixed least when legume proportion was low. This apparent 
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contradiction is also the result of the different relative 
effects of N on %Ndfa and percentage legume of the swards. 
The negative influence of N in %Ndfa was more important when 
legume proportion was high but here, negative effects on 
percentage legume were almost nil. When legume percentage 
was low, however, effects of N on %Ndfa were lower, whereas 
legume proportions was greatly reduced. 
Data presented here show that N2 fixation is more 
negatively affected by N fertilization when the application 
is made at seeding of the legumes. Several reasons may 
explain this result. Available soil N at planting time 
after conventional seedbed preparation is usually higher 
than in soil under an established stand. Thus, even if 
similar rates of fertilizer N are applied, the actual amount 
of mineral N in the soil is much higher at seeding. Growth 
rates of both legume and grass are higher after harvest in 
established swards as compared to new seedling growth, and 
it has been shown before that negative effects of N are 
worse when a legume has a low growth rate (Alios and 
Bartholomew, 1959). Rapidly growing plants when accompanied 
with high biomass production, absorb applied N more 
effectively and decrease mineral N in the root environment 
sooner than seedling growth. In this manner, inhibitory 
effects of N are alleviated more rapidly in the established 
stand. Also, nodulation is presumably at a maximum in the 
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well-developed root system of established swards of 
perennial legumes, whereas in seedlings it is just 
developing. 
Variations in growth rates of species between the two 
experiments may also explain the larger differences on 
sensitivity to N among legumes in Exp 1. In this 
experiment, the red clover mixture had a higher proportion 
of legume than mixtures including white clover or birdsfoot 
trefoil. The latter two legumes, however, contributed 
similar relative amounts of herbage to total dry matter 
yields in their respective mixtures, but the initial growth 
of birdsfoot trefoil was lower. Also in this experiment, 
differences in Ng fixation and sensitivity to N were 
maximized with birdsfoot trefoil being the most negatively 
affected by N fertilization. 
In Exp 2, however, red clover and white clover had 
similar legume proportions in their respective mixtures, but 
the proportion of birdsfoot trefoil was usually higher 
because of higher initial growth rates than the clovers. 
Thus in Exp 2, differences in sensitivity to N were less 
than in Exp 1 even though it was shown that birdsfoot 
trefoil was still the most sensitive of the three legumes 
tested. 
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Legume and N Fertilization Effects on Soil N 
Seasonal effects 
The concentration of ammonium and nitrate in the top 
0.2 m of the soil varied widely during the evaluation 
periods in both experiments of this study. The highest 
levels of total mineral N (ammonium plus nitrate) was 
observed at planting time and in mid-summer, whereas the 
lowest levels were usually in winter and early spring. Even 
though this trend was rather similar for both forms of N in 
both experiments, most of the variation in mineral N during 
the year was accounted for by ammonium. It was present in 
higher amounts and showed greater variability. 
In both years of Exp 1, the amounts of ammonium 
followed a well-defined seasonal cycle with high values in 
summer and low values in winter (Figure 27). Values varied 
from approximately 10 mg kg"^ in winter to 4 0 mg kg~^ in mid 
summer. The concentration of nitrate was always less than 
ammonium, except for the first two samplings after seeding. 
Nitrate values were lower than 8 mg kg ^ during most of the 
year, but there were two high peaks when values were 
approximately 20 mg kg ^. They occurred in the first two 
samplings and in the second summer. Similar seasonal trends 
for both forms of N were observed in Exp 2, but the initial 
N concentrations were twice as high (Figure 28). 
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Ammonium and nitrate concentrations in the top 0.2-m soil layer 
over 2 years in Exp 1. Means of three replications in samplings 1 
to 3 ; and of seven treatments (mixture and legume proportion) and 
three replications in samplings 4 to 15. Standard errors of a 
sampling mean were 0.7 and 0.8 in samplings 1 to 3, and 0.7 and 0.4 
in samplings 4 to 15 for ammonium and nitrate, respectively 
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Ammonium and nitrate concentrations in the top 0.2-m soil layer 
over 1 year in Exp 2. Means of three replications in samplings 1 
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sampling mean were 3.5 and 3.7 for samplings 1 to 3, and 0.5 and 
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147 
The annual cyclic trend showed for ammonium was 
independent of the pasture species included in the swards. 
The increase in mineralization rates of organic N during the 
warmer part of the year may be the most probable factor 
explaining the high amounts of N in both summers of this 
study. The amount of mineral N present in the topsoil of 
unfertilized grass swards under a cutting regime is mainly 
the result of mineralization-immobilization reactions and 
plant absorption. Losses of soil N by leaching (especially 
nitrate) and volatilization are usually insignificant in 
these conditions (Garwood and Ryden, 1986; Legg and 
Meisinger, 1982). 
In legume:grass mixtures, however, the processes are 
more complicated because of the potential release of fixed N 
by legumes. Trends for tall fescue pure stands in this 
study, however, were similar to those showed by legume:grass 
mixtures although levels were lower in tall fescue. As it 
will be shown later, the presence of legumes only increased 
the differences between mineral N levels (particularly 
nitrate) in summer as compared to rest of the year. 
An explanation for the relatively higher 
ammonium:nitrate ratio in late spring and summer, however, 
is not obvious. In spite of possible higher susceptibility 
to degradation of the soil organic matter because of warm 
temperatures and alternating drying:wetting conditions. 
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higher nitrification rates should also be expected. The 
higher ammonium levels this time of the season could be the 
result of rapid ammonification of the abundant organic 
residues. It has been shown that rapid decomposition of 
organic matter combined with high temperatures reduces O2 
concentration in the soil environment and inhibits 
nitrification (Schmidt, 1982). Variations in the amount of 
exchangeable ammonium during the year may be also the result 
of changes in fixation-release reactions of ammonium 
retained by the clay fraction of the soil. Montmorillonite 
is dominant in this soil but illite-type materials are also 
abundant. Further discussion of this aspect is beyond the 
scope of this study. 
Legume species and proportion effects 
Topsoil under WCF, RCF, and BTF mixtures had similar 
amounts of mineral N at most sampling dates in both 
experiments. Similar mineral concentrations were also 
observed in plots varying in legume proportion from tall 
fescue pure stands only to low percentage legume (proportion 
2), and high percentage legume (proportion 4). Significant 
exceptions to this general trend were observed in late 
spring and summer particularly, where mineral N levels were 
strongly affected by both legume species and proportion. 
Ammonium levels were not affected by mixture type or 
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legume proportion in Exp 1. Soil under WCF, however, had 
the highest amounts of nitrate in both summers of this 
experiment (Figure 29A). The RCF and BTF mixture types did 
not differ in soil nitrate concentration during the first 
summer (sampling 7), but nitrate was lowest under BTF in the 
second (sampling 15). The observed differences in nitrate 
concentration between mixture types translate in this soil 
to an approximate range of 12- to 25 kg ha ^ in the first 
summer and 35- to 60 kg ha"^ in the second. 
Soil nitrate concentrations in both summers of Exp 1 
(samplings 7 and 15) increased as legume proportion 
increased. The average nitrate concentration of the soil 
under the three mixture types for the high legume proportion 
treatment was almost three times higher than levels in tall 
fescue (Figure 29B)• In the first summer, differences 
between the high and low legume proportion were small but in 
the second summer soil nitrate in the high treatment was 
two-fold the amount observed in the low. 
On the other hand, topsoil mineral N in Exp 2 was 
affected by mixture type and legume proportion only in late 
spring (sampling 6). Effects on ammonium and nitrate were 
similar in this case. The ranking of mixture effects was 
similar here, with mineral N levels being highest under WCF 
although the magnitude of the differences was much smaller 
than in Exp 1 (Figure 30A). Mineral N was also higher in 
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Figure 29. Nitrate concentrations in the top 0.2-m soil layer in the summer 
samplings of Exp 1 as affected by mixture type (A) and legume 
proportion (B). WCF = white clover-tall fescue; RCF = red clover-
tall fescue, BTF = birdsfoot trefoil-tall fescue. Means of three 
replications and two legume proportions (mixture mean) or three 
mixture types (low and high legume). Values for tall fescue are 
means of three replications. Standard errors of a treatment mean 
were 0.9 and 2.2 in samplings 7 and 15, respectively. 
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Figure 30. Ammonium plus nitrate concentrations in the top 0.2-m soil layer in 
late spring (sampling 6) of Exp 2 as affected by mixture type (A) 
and legume proportion (B). WCF = white clover-tall fescue, RCF = 
red clover-tall fescue, BTF = birdsfoot trefoil-tall fescue. Means 
of three replications and two legume proportions (mixture mean) or 
three mixture types (low and high legume). Values for tall fescue 
are means of three replications. The standard error of a treatment 
mean was 1.5 
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the high legume proportion but the pure fescue and the low-
legume swards did not differ (Figure 3OB). 
As has been was shown in previous sections, N 
concentration of tall fescue herbage in summer was highest 
for the WCF mixture type. Dry matter yields and herbage N 
yields were higher for the other two mixtures because white 
clover dies or grows very little in late spring and summer. 
Thus, the observed higher nitrate levels in WCF could be the 
result of both less plant absorption and more released N 
from decomposing roots and nodules. Several observations 
suggest, however, that the release of N from white clover 
residues is the major factor explaining the observed 
results. Firstly, N transfer in summer was found to be 
significantly higher in the white clover mixtures. 
Secondly, both higher N transfer and soil nitrate levels 
were found in swards with either low or high white clover 
proportions which differed widely in dry matter and total N 
yields. In addition, soil nitrate concentrations under RCF 
and BTF mixtures were higher for the high-legume treatment, 
where dry matter and total N yields were either higher or 
not different from the low-legume treatment. 
Total organic-N of the topsoil 0.2-m layer measured 2 
years after seeding was not affected by any of the 
treatments applied (Table A8). This is in contrast to 
mineral N. Also, the average organic N value over all 
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treatments measured after the 2-year period (2.51 g kg~^) 
was not significantly higher (P<0.05) than the initial 
values (2.46 g kg ^). These results are not surprising 
because of several reasons. Firstly, this soil had been in 
a well-managed, pasture-crop rotation and the organic matter 
concentration at seeding was very similar to nearby virgin 
soils. Secondly, it is doubtful that forage swards under a 
cutting regime and in only 2 years would increase soil 
organic N and soil organic matter to such an extent that the 
increase could be detected by Kjeldahl analysis. Dinitrogen 
fixation and growth, however, varied widely between legume 
species. Thus, it is possible that other measurements not 
included in this study, such as mineralization potential, 
could detect possible differential effects on residual N. 
Nitrogen fertilization effects 
Fertilizer N was applied at rates of 0 or 100 kg ha ^ 
in the fall of 1984 (23 March) to established swards of Exp 
1, and 1 week before seeding Exp 2 (21 April 1984). Four 
weeks after the N application in Exp 1 (24 April, sampling 
9) mineral N levels in the topsoil were still two-fold 
higher in the fertilized treatment (Figure 31). Values 
decreased drastically thereafter and differences were no 
longer important. In Exp 2, the amounts of mineral N 
available were also increased by fertilization but levels 
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an N mean when N main effect was significant (P<0.05) 
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remained high until 12 weeks after the N application 
(sampling 3, 16 July), a much longer period than in Exp l 
that cannot be fully explained by the difference in 
application dates (Figure 32). 
The observed changes in mineral-N concentration in the 
soil gives support to the previous suggestion that N-
depressing effects on N2 fixation and legume percentages 
were more evident in Exp 2, partially due to the higher soil 
mineral N (from soil and fertilizer) observed in this 
experiment. Nitrogen fertilization strongly inhibited %Ndfa 
only in the first harvests after application. These were 
harvest 5 in Exp 1 which was made the same day of sampling 
10 (6 June 1984), and harvest 1 of Exp 2 made the same date 
of sampling 4 (13 September 1984). Afterwards, once soil 
mineral N levels were reduced by either plant absorption or 
leaching, %Ndfa was no longer inhibited. 
The measurement of N-fertilizer recovery was not an 
objective of this study, but isotope dilution data show that 
recovery of fertilizer N in the first harvest after 
application varied between the two experiments. Fertilizer-
N recovery by the different swards in harvest 5 of Exp 1 
varied from 22 to 38% but it ranged from only 5 to 10% in 
the first harvest of Exp 2. This difference in utilization 
of applied N may be explained by the much higher absorption 
capacity of the established swards in Exp 1. 
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Figure 32. Effects of 0 or 100 kg ha of N applied at seeding of Exp 2 on 
ammonium plus nitrate concentrations in the top 0.2-m soil layer 
over the subsequent year. Means of seven treatments (mixture and 
legume proportion) and three replications. SE = standard error of 
an N mean when N main effect was significant (P<0.05) 
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Data on fertilizer-N recovery show that potential 
leaching and gaseous losses of N are much more probable from 
fertilizations made at seeding because of the longer period 
with high N concentrations in the soil. 
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SUMMARY AND CONCLUSIONS 
This field research was undertaken with the primary 
objective of study legume species and proportion effects on 
dry matter yields, N^ fixation, and N transfer by white 
clover, red clover, and birdsfoot trefoil, each grown in 
mixture with tall fescue. Additional objectives were (1) to 
evaluate N fertilizer effects on N2 fixation in established 
or first-year swards, and (2) to study the effects of the 
applied treatments on soil N. 
Dry matter yields were highest and most stable over 
years and seasons for the RCF mixture. Yields of BTF were 
highly affected by both year and by season. Yields were as 
high as the other two mixtures in one experiment but lower 
in the other. As it is characteristic of birdsfoot trefoil, 
yields were higher or as high as the other legumes in summer 
but performance was poorer in winter. White clover-tall 
fescue showed as high or higher yields than RCF swards in 
the cooler part of the year, but productivity in late spring 
and summer was very low or nil because of white clover 
sensitivity to water and temperature stresses. 
Dinitrogen fixation differed between the three legumes 
and was also strongly associated with legume growth. When 
fixation was expressed as %Ndfa, birdsfoot trefoil had lower 
values than the clovers in both experiments, but the 
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difference was especially significant in the first harvest. 
This result indicates that the N^-fixation system develops 
more slowly in birdsfoot trefoil. The annual legume fixed-N 
yields, however, were more affected by the relative yields 
of the legumes. The amount of herbage fixed-N for the best 
legume proportion treatment in the seeding year of Exp 1 
averaged 130, 170, and 200 kg ha ^ for birdsfoot trefoil, 
white clover, and red clover swards, respectively. During 
the second year of this experiment the same species fixed 
215, 230, and 260 kg ha ^ of N. In the seeding year of Exp 
2, maximum N2 fixed varied less and ranged from 100 to 140 
kg ha with the highest amounts corresponding to a 
birdsfoot trefoil sward. 
Initial growth rates of the legumes the seeding years 
influenced markedly the subsequent dry matter and fixed-N 
yields. In the seeding year of Exp 1 both clovers had 
higher initial growth rates than birdsfoot trefoil. Thus, 
subsequent dry matter and fixed-N yields of BTF were lower 
except for the summer season. Tall fescue yields associated 
with birdsfoot trefoil were also lower in this experiment, 
and N deficiency was evident in this mixture especially 
during the second year. In Exp 2, the excellent initial 
growth of birdsfoot trefoil was a factor in that dry matter 
and fixed-N yields of the three mixtures were similar. This 
occurred in spite of the lower %Ndfa values for birdsfoot 
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trefoil in the first harvest. 
An N rate of 100 kg ha ^ applied at seeding of Exp 2 or 
to second-year swards in Exp 1 increased dry matter yields 
and reduced %Ndfa only in the first harvest after N 
application. Annual dry matter yields were not affected by 
N application but herbage N- and fixed-N yields were 
slightly reduced in Exp 1 and severely reduced in Exp 2. 
These effects were explained by depressing effects of 
fertilizer N on first-harvest values of %Ndfa, and by a more 
permanent reduction of legume stands. Mineral soil-N 
concentration was increased by N fertilization. Levels 
remained high for a longer period when N was applied at 
seeding in Exp 2, than when applied to established swards of 
Exp 1. Dinitrogen fixation and stands of all legumes were 
most affected by N in Exp 2. Because of the more vigorous 
growth of birdsfoot trefoil in Exp 2, effects of N 
application on this species were relatively less as compared 
to Exp 1. 
The legumes tested transferred significant amounts of N 
to the associated tall fescue and up to 60% of tall fescue N  
was derived from fixation. More than 40 kg ha ^ of N were 
transferred by white clover in the second year of Exp 1, 
Variations in seasonal growth and N2 fixation between the 
legumes determined that the amounts of N transferred varied 
strongly depending on species and harvests. There was an 
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overall trend for transfer to increase with successive 
harvests in the three mixture types. Transfer was low and 
not significantly different between mixture types in the 
first harvests. Over time, transfer by birdsfoot trefoil 
tended to become lower than for the clovers. Because of 
lesser transfer, N deficiency of tall fescue associated with 
birdsfoot trefoil was especially evident in the second year 
of Exp 1. 
Differences in N transfer among the three legumes were 
maximized in late spring and summer. In those periods, 
transfer by white clover was both the highest of the year 
and the highest of the legumes. On the other hand, transfer 
by red clover and birdsfoot trefoil in summer was lowest or 
not different from other seasons. Nitrogen concentration in 
tall fescue herbage and soil nitrate concentrations were 
also higher in WCF in late spring and summer. These results 
suggest that transfer mechanisms in red clover and birdsfoot 
trefoil may operate at a fairly constant rate during the 
year but in white clover this pattern does not hold. As 
further explanation, water and perhaps temperature stresses 
in late spring and early summer result in drastically 
reduced growth of white clover, not as strongly expressed in 
red clover or birdsfoot trefoil. Extended death of white 
clover plants is common, and occurred in the second summer 
of Exp 1. It is suggested that a more efficient transfer 
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mechanism is triggered under the circumstances, probably as 
a consequence of death of leaves, roots and nodules. 
Variations in legume proportion within the range 
observed in this study affected only slightly the dry matter 
yields of the mixtures tested. Significant positive 
correlations between herbage dry matter yield and percentage 
legume were observed for the BTF mixture in the second year 
of Exp 1. In the seeding year evaluated in Exp 2, however, 
the annual dry matter yields of WCF were negatively 
correlated with legume proportion, whereas in the first 
harvest the relationship was negative for all mixture types. 
Contrary to dry matter yields, herbage N yield was usually 
positively related to percentage legume, and N concentration 
of the associated tall fescue always increased as legume 
proportion increased. 
The observed relationships between herbage yield and 
legume proportion show that there is a broad range of 
legume:tall fescue proportions where herbage yields are 
similar. The yearly average percentage legume in swards of 
Exp 1 ranged from approximately 20 to 80% in white clover 
and birdsfoot trefoil swards, and from 40 to 90% in those 
which included red clover. A broader but somewhat lower 
range was obtained in Exp 2 where percentage legume varied 
from 10 to 80% in the three mixtures. 
The relationship between dry matter yield and legume 
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proportion was strongly affected by N availability. The 
positive correlation observed for birdsfoot trefoil in the 
second year of Exp 1 was most probably related to the 
increasing N deficiency shown by this mixture. The 
consistent negative correlations observed for all mixtures 
in the first harvest of Exp 2 is surprising given the broad 
and low range of legume proportions obtained. It may be 
explained, however, by the initial soil mineral N 
concentration that was high enough to allow for the 
expression of the higher yield potential of tall fescue. 
Increasing legume proportion by seeding actually decreased 
herbage yields because of the lower yield potential of 
legumes under conditions of high N supply. 
Dinitrogen fixation expressed as %Ndfa was always 
reduced by increasing legume proportion but legume fixed - N  
yields were increased. It was shown that as legume 
proportion increased the concentration of mineral soil-N 
also increased. Thus, reduced competition for available N 
by the associated tall fescue may have determined higher 
inhibition of N2 fixation by combined N in the root 
environment. The positive effects of legume proportion 
effects on legume biomass yield were more important than 
lowered %Ndfa. As a consequence, fixed-N yields were always 
increased by increasing legume proportions. The observed 
effects of legume proportion on N2 fixation demonstrate that 
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results of N2 fixation studies must be interpreted with care 
when legume:grass proportion is not accounted for or is not 
reported. 
Total herbage fixed-N yield (legume fixed-N plus N 
transferred) was always positively correlated with legume 
proportion. The relationship was linear for red clover and 
birdsfoot trefoil pastures but it was curvilinear with a 
plateau at high legume percentages for white clover-tall 
fescue, especially in Exp 1. Herbage and N yields of 
strongly white clover-dominated swards were lower or not 
different from better balanced swards. Thus, at high white 
clover proportions the negative effects of reduced %Ndfa had 
relatively more weight than increased white clover herbage 
on fixed-N yields. 
In conclusion, dry matter yields, herbage N yields, N2 
fixation and N transfer were higher in mixtures including 
white clover or red clover as compared to birdsfoot trefoil, 
even though year effects were very important. Nitrogen 
transfer was increased with time in all species but it was 
much higher in late spring and summer for white clover 
because of the reduced growth rates or death of this species 
during late spring in this climatological region. 
Increasing the legume proportion in harvested herbage 
consistently decreased the amount of N2 fixation as 
expressed in relative terms to total herbage N, but fixed - N  
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yields were always increased. Curvilinear relationships 
between herbage fixed-N yields and percentage white clover 
suggest that white clover pure stands are neither necessary 
nor desirable in order to optimize dry mater yields and 
symbiotic N2 fixation. 
Even though the negative relationship between legume 
proportion and %Ndfa was consistent for all three species, 
further research with a wider range of percentage legume is 
required. This would also confirm if red clover mixtures 
follow the observed trend for white clover swards with a 
plateau in herbage fixed-N values at high legume proportions 
or otherwise, if the relationship is linear as it was shown 
for birdsfoot trefoil. Competitive relationships strongly 
influence yield and N2 fixation in legume:grass mixtures, 
and further research should investigate the effects of 
different grass species in mixture with these legumes. 
Finally, species and proportion effects interacted strongly 
with N availability, suggesting that experiments at sites 
which vary in N availability would be in order. 
Alternatively, inclusion of more than two N fertilization 
rates would improve the understanding of the processes 
involved. 
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APPENDIX 
Table Al. Structure of the analysis of variance to test 
mixture type and legume proportion effects with 
block and mixture type (MIX) as classificatory 
variables and percentage legume (L) as a 
continuous variable. Percentage legume effects 
other than linear and quadratic were pooled with 
the residual error 
Source of variation Degrees of 
freedom 
Block 2 
MIX 2 
L linear 1 
L quadratic 1 
L linear x MIX 2 
L quadratic x MIX 2 
Residual 25 
Total 35 
Table A2. Structure of the analysis of variance to test the 
effect of N and its interactions with mixture 
type (MIX) and legume proportions (PROP). Only 
proportions 2 and 4 were used in this analysis 
Source of variation Degrees of 
freedom 
Block 2 
MIX 2 
PROP 1 
PROP X MIX 2 
Error (a) 10 
N 1 
N X MIX 2 
N X PROP 1 
N X PROP X MIX 2 
Error (b) 12 
Total 35 
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Table A3. Structure of the analysis of variance to test the 
effects of three mixture types (MIX), two legume 
proportions (PROP), tall fescue pure stand (TF), 
and two N treatments on soil N (ammonium, nitrate 
and total) in each sampling 
Source of variation Degrees 
freedom 
of 
Block 2 
Pasture treatments 6 
TF versus others (1) 
MIX (2) 
PROP (1) 
PROP X MIX (2) 
Error (a) 12 
N 1 
N X pasture treatments 6 
N X TF versus others (1) 
N X MIX (2) 
N X PROP (1) 
N X PROP X MIX (2) 
Error (b) 14 
Total 41 
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Table A4. Values per plot for percentage legume (L), 
herbage dry matter yield (HY), legume dry 
matter yield (LY), herbage N yield (HNY), legume 
N yield (LNY), legume N concentration (NL), 
and tall fescue N concentration (NF) in Exp 1^ 
DBS N H M P R L HY LY HNY LNY NL NF 
-1 -1 
% kg ha — —g kg 
1 1 1 1 1 1 2.8 947 27 19.3 0.9 35.0 20.0 
2 1 1 1 1 2 41.7 323 135 10.3 5.0 37.3 27.9 
3 1 1 1 1 3 12.9 865 112 23.4 4.3 38.0 25.4 
4 1 1 1 2 1 28.7 1216 349 31.3 12 . 5 35.7 21.7 
5 1 1 1 2 2 31.3 411 129 11;7 4.6 35.9 25.1 
6 1 1 1 2 3 28.4 945 269 25.4 9.1 33 . 8 24.2 
7 1 1 1 3 1 37.4 441 165 13.2 6.6 40.3 23.7 
8 1 1 1 3 2 47.3 268 127 8.7 4.9 38.6 26.9 
9 1 1 1 3 3 40.6 945 384 29.1 14.1 36.8 26.8 
10 1 1 1 4 1 39.6 1116 443 35.3 16.8 38.0 27.5 
11 1 1 1 4 2 83.4 296 247 9.9 8.7 35.1 25.6 
12 1 1 1 4 3 59.4 749 445 27.2 17.5 39.3 32 . 0 
13 1 1 2 1 1 27.4 313 86 8.4 3 . 1 36.1 23.5 
14 1 1 2 1 2 32.3 1049 339 30.0 13.0 38.4 23.8 
15 1 1 2 1 3 14.0 842 118 24.5 4.8 40.4 27.3 
16 1 1 2 2 1 51.8 370 192 11.2 7.0 36.5 23 . 3 
17 1 1 2 2 2 31.5 304 96 9.1 3.5 36.6 27.0 
18 1 1 2 2 3 33.5 1081 363 32.7 14.1 38.8 25.9 
19 1 1 2 3 1 56.6 1127 639 35.3 23.1 36.1 25.0 
20 1 1 2 3 2 40.1 1104 443 33.6 16.8 38.0 25.4 
21 1 1 2 3 3 39.9 1098 439 33.6 16.3 37.2 26.2 
22 1 1 2 4 1 58.1 1086 631 34.4 23.4 37.1 24 . 1 
23 1 1 2 4 2 74.6 667 498 25.5 20.8 41.7 28.2 
24 1 1 2 4 3 62.7 722 453 26.5 17.5 38.7 33.2 
25 1 1 3 1 1 19.2 733 141 17. 6 5.1 35.9 21.1 
26 1 1 3 1 2 14.8 854 127 20.9 4.2 33.2 23. 0 
27 1 1 3 1 3 10.6 772 82 22.4 2.7 32.7 28.6 
28 1 1 3 2 1 7.9 620 49 14.3 1.5 31.3 22.4 
29 1 1 3 2 2 12.0 339 41 7.9 1.3 32 . 6 22 . 0 
30 1 1 3 2 3 11.8 790 94 23.2 3 .1 33.4 28.8 
31 1 1 3 3 1 19.2 529 102 13 . 3 3 . 3 32.5 23 . 3 
32 1 1 3 3 2 10.3 416 43 9.5 1.4 33 . 0 21.6 
33 1 1 3 3 3 14.0 842 118 18.3 3.7 31.8 20.1 
*068 = observation ; N = nitrogen rate (1 = nil and 
2 = 100 kg/ha); H = harvest, M = mixture (1 = white 
clover-tall fescue, 2 = red clover-tall fescue, 
3 = birdsfoot trefoil-tall fescue); P = legume 
proportion; R = replication. 
Table A4. Continued 
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OBS N H M P R L HY LY HNY LNY NL NF 
3 4  1  1  3  4  1  4 4 . 7  1 3 2 7  5 9 4  3 6 . 5  1 9 . 1  3 2 . 1  2 3  . 7  
3 5  1  1  3  4  2  5 3 . 5  2 2 8  1 2 2  7 . 7  4 . 5  3 6 . 8  3 0  .  0  
3 6  1  1  3  4  3  6 3 . 9  4 4 1  2 8 2  1 4 . 9  1 0 .  0  3 5 . 5  3 0  . 9  
3 7  1  2  1  1  1  6 2 . 9  3 4 8 0  2 1 9 0  8 9 . 8  6 6 . 4  3 0 . 3  1 8  .  1  
3 8  1  2  1  1  2  7 4 . 2  4 4 6 0  3 3 1 0  1 3 1 . 8  1 0 7 . 2  3 2 . 4  2 1  . 4  
3 9  1  2  1  1  3  6 1 . 2  2 2 7 0  1 3 9 0  6 4 .  3  4 5 . 8  3 2 . 9  2 1  . 0  
4 0  1  2  1  2  1  7 3 . 9  3 9 1 0  2 8 9 0  1 0 2 . 7  8 4 . 5  2 9 . 2  1 7  . 8  
4 1  1  2  1  2  2  8 0 . 1  3 5 7 0  2 8 6 0  1 0 4 . 1  9 0 . 7  3 1 . 7  1 8  . 9  
4 2  1  2  1  2  3  8 6 . 4  3 3 3 0  2 8 8 0  1 1 0 . 1  9 9 . 6  3 4 . 6  2 3  . 2  
4 3  1  2  1  3  1  7 8 . 2  2 5 3 0  1 9 8 0  7 3 . 5  6 3 . 6  3 2 . 1  1 8  . 0  
4 4  1  2  1  3  2  8 3 . 2  4 0 1 0  3 3 4 0  1 2 5 . 7  1 1 1 . 9  3 3 . 5  2 0  . 6  
4 5  1  2  1  3  3  8 2 . 5  3 7 2 0  3 0 7 0  1 2 9 . 2  1 1 2 . 1  3 6 . 5  2 6  . 4  
4 6  1  2  1  4  1  1 0 0 . 0  2 9 6 0  2 9 6 0  1 0 2 . 8  1 0 2 . 8  3 4 . 7  
4 7  1  2  1  4  2  1 0 0 . 0  2 2 4 0  2 2 4 0  8 3 . 6  8 3 . 6  3 7 . 3  
4 8  1  2  1  4  3  1 0 0 . 0  2 9 0 0  2 9 0 0  9 7 . 1  9 7 . 1  3 3 . 5  
4 9  1  2  2  1  1  5 6 . 6  2 7 7 0  1 5 7 0  6 0 . 6  3 9 . 8  2 5 . 4  1 7  .  3  
5 0  1  2  2  1  2  5 2 . 5  3 6 9 0  1 9 4 0  8 1 . 4  5 1 . 7  2 6  .  6  1 7  .  0  
5 1  1  2  2  1  3  6 8 . 2  4 0 0 0  2 7 3 0  1 0 8 . 1  8 0 . 7  2 9 . 6  2 1  .  5  
5 2  1  2  2  2  1  7 1 . 4  3 3 3 0  2 3 8 0  9 6 . 3  7 4 . 2  3 1 . 2  2 3  ,  .  3  
5 3  1  2  2  2  2  6 6 . 1  2 9 5 0  1 9 5 0  8 2 . 4  6 2  .  6  3 2  .  1  1 9 ,  . 8  
5 4  1  2  2  2  3  7 4 .  6  2 9 6 0  2 2 1 0  9 5 . 0  7 8 . 3  3 5 . 4  2 2  ,  . 4  
5 5  1  2  2  3  1  7 4 . 5  2 6 3 0  1 9 6 0  7 1 . 0  5 9 . 2  3 0 . 2  1 7 ,  . 7  
5 6  1  2  2  3  2  7 6 . 3  3 8 5 0  2 9 4 0  1 0 2 . 3  8 4 . 3  2 8 . 7  1 9 ,  , 8  
5 7  1  2  2  3  3  8 5 . 4  4 4 6 0  3 8 1 0  1 3 2 . 8  1 1 8 . 7  3 1 . 2  2 1 ,  , 7  
5 8  1  2  2  4  1  1 0 0 . 0  3 5 7 0  3 5 7 0  1 0 8 . 8  1 0 8 . 8  3 0 . 5  
5 9  1  2  2  4  2  1 0 0 . 0  2 7 5 0  2 7 5 0  8 5 . 3  8 5 . 3  3 1 . 0  
6 0  1  2  2  4  3  1 0 0 . 0  3 6 2 0  3 6 2 0  1 0 8 . 3  1 0 8 . 3  2 9  .  9  
6 1  1  2  3  1  1  3 7 . 9  2 2 4 0  8 5 0  4 4 . 2  2 0 . 8  2 4 . 4  1 6 .  , 9  
6 2  1  2  3  1  2  3 4 . 5  2 3 7 0  8 2 0  4 5 . 1  2 0 . 7  2 5 . 3  1 5 .  . 1  
6 3  1  2  3  1  3  2 2 . 3  2 3 3 0  5 2 0  3 8 . 0  1 4 . 6  2 8 . 1  1 2  .  9  
6 4  1  2  3  2  1  4 3 . 8  2 1 2 0  9 3 0  4 0 . 9  2 2 . 0  2 3 . 7  1 5 .  8  
6 5  1  2  3  2  2  6 3 . 7  2 1 5 0  1 3 7 0  4 9 . 5  3 6 . 1  2 6 . 4  1 7 .  2  
6 6  1  2  3  2  3  4 7 . 4  2 1 3 0  1 0 1 0  4 2 . 4  2 5 . 5  2 5 . 3  1 5 .  1  
6 7  1  2  3  3  1  4 2 . 0  1 7 6 0  7 4 0  3 8 . 4  2 1 . 7  2 9 . 4  1 6 .  3  
6 8  1  2  3  3  2  5 0 . 0  2 1 0 0  1 0 5 0  4 2 . 1  2 5 . 7  2 4 . 4  1 5 .  6  
6 9  1  2  3  3  3  5 6 . 6  1 3 6 0  7 7 0  3 4 . 1  2 3 . 9  3 1 . 0  1 7 .  4  
7 0  1  2  3  4  1  1 0 0 . 0  1 9 0 0  1 9 0 0  5 1 . 7  5 1 . 7  2 7 . 2  
7 1  1  2  3  4  2  1 0 0 .  0  1 8 9 0  1 8 9 0  4 9 . 8  4 9 . 8  2 6 . 4  
7 2  1  2  3  4  3  1 0 0 . 0  2 0 2 0  2 0 2 0  6 2 . 7  6 2 . 7  3 1 . 0  
7 3  1  3  1  1  1  7 6 . 9  5 2 0  4 0 0  1 4 . 6  1 2 . 1  3 0 . 2  2 1 .  2  
7 4  1  3  1  1  2  6 8 . 4  7 6 0  5 2 0  2 1 . 1  1 5 . 4  2 9 . 6  2 3 .  6  
7 5  1  3  1  1  3  8 0 . 7  1 9 7 0  1 5 9 0  5 6 . 9  4 8 . 9  3 0 . 7  2 1 .  1  
7 6  1  3  1  2  1  8 0 . 3  1 2 2 0  9 8 0  3 4 . 9  2 9 . 1  2 9 . 6  2 4  .  2  
7 7  1  3  1  2  2  7 0 . 8  1 6 8 0  1 1 9 0  4 9 . 0  3 7 . 2  3 1 . 3  2 4  .  0  
7 8  1  3  1  2  3  5 8 . 9  3 9 0  2 3 0  1 1 . 4  7 . 6  3 2 . 9  2 4  .  0  
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Table A4. Continued 
OBS N H M P R L HY LY HNY LNY NL NF 
79 1 3 1 3 1 82.0 670 550 19.1 16.2 29.4 24.6 
80 1 3 1 3 2 85.2 1690 1440 50.4 44.3 30.7 24.4 
81 1 3 1 3 3 90.1 2130 1920 66.7 61.1 31.8 26.3 
82 1 3 1 4 1 100.0 1840 1840 57.3 57.3 31.2 
83 1 3 1 4 2 100.0 1670 1670 50.2 50.2 30.1 
84 1 3 1 4 3 100.0 2040 2040 64.7 64.7 31.7 
85 1 3 2 1 1 89.3 1590 1420 48.5 44.0 31.0 25.9 
86 1 3 2 1 2 88.1 1690 1490 48.8 43.8 29.4 25.3 
87 1 3 2 1 3 80.2 1420 1140 40.1 34.3 30.1 20.7 
88 1 3 2 2 1 70.4 1250 880 30.3 22.0 25. 0 22 . 5 
89 1 3 2 2 2 74.7 1150 860 31.7 25.3 29.4 22 .1 
90 1 3 2 2 3 73.7 1370 1010 37.0 29.0 28.7 22.2 
91 1 3 2 3 1 90.9 1320 1200 37.6 34.6 28.8 25.2 
92 1 3 2 3 2 90.7 1730 1570 50.5 46.5 29.6 24.4 
93 1 3 2 3 3 83.6 1900 1590 55.7 48.7 30.6 22.8 
94 1 3 2 4 1 100.0 1900 1900 56.1 56.1 29.5 
95 1 3 2 4 2 100.0 1390 1390 41.2 41.2 29.6 
96 1 3 2 4 3 100.0 1960 1960 58.6 58.6 29.9 
97 1 3 3 1 1 56.0 910 510 25.6 16.0 31.3 24.2 
98 1 3 3 1 2 70.5 340 240 9.7 7.3 30.5 24 . 3 
99 1 3 3 1 3 66.0 1090 720 29.3 22.3 31.0 18.9 
100 1 3 3 2 1 88.4 950 840 28.5 25.8 30.7 24.2 
101 1 3 3 2 2 71.1 1110 790 31.4 24.5 31.0 21.4 
102 1 3 3 2 3 45.1 930 420 24.5 13.7 32 . 7 21.1 
103 1 3 3 3 1 72.5 1310 950 37.3 28.4 29.9 24.7 
104 1 3 3 3 2 74.7 870 650 25.5 20.3 31.2 23.9 
105 1 3 3 3 3 67.5 800 540 22.0 16.0 29.6 23 . 1 
106 1 3 3 4 1 100.0 1310 1310 40.1 40.1 30.6 
107 1 3 3 4 2 100.0 1920 1920 60.1 60.1 31.3 
108 1 3 3 4 3 100.0 1510 1510 46.0 46.0 30.5 
109 1 4 1 1 1 5.5 1260 70 27.7 2.2 31.9 21.4 
110 1 4 1 1 2 6.2 2710 170 56.5 5.6 33. 1 20.0 
111 1 4 1 1 3 6.0 1490 90 32.5 3 . 3 37.1 20.9 
112 1 4 1 2 1 12.9 1770 230 39.1 6.7 29.2 21.0 
113 1 4 1 2 2 12.0 1250 150 26.5 5.1 34 . 0 19. 5 
114 1 4 1 2 3 27.8 2260 630 54.6 21.4 34 . 0 20.3 
115 1 4 1 3 1 5.5 2000 110 44.1 3.6 33.0 21.4 
116 1 4 1 3 2 16.9 1770 300 37.9 9.0 30.1 19.6 
117 1 4 1 3 3 8.3 2040 170 39.9 6.0 35.4 18.1 
118 1 4 1 4 1 90.2 1120 1010 37.5 34.7 34 . 3 26.2 
119 1 4 1 4 2 60.4 1590 960 41.5 27.1 28.3 22.8 
120 1 4 1 4 3 7.1 850 60 18.7 2.0 32.6 21.1 
121 1 4 2 1 1 34.6 2740 950 57.5 26.1 27.5 17 . 6 
122 1 4 2 1 2 35.9 3590 1290 80.1 39.7 30.7 17.6 
123 1 4 2 1 3 29.6 4590 1360 93.2 38.3 28. 1 17 . 0 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
21 
19 
19 
20  
18 
21 
19 
21 
17 
18 
20 
13 
19 
19 
19 
21 
17 
20 
20 
18 
19 
23 
20 
23 , 
2 0 .  
19. 
25. 
23 . 
21. 
29. 
38. 
24 . 
29. 
25. 
23 , 
23 . 
2 8 .  
2 8 .  
2 6 .  
24 . 
24 . 
2 8  .  
30. 
30. 
32. 
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A4. Continued 
N H M P R L HY LY HNY LNY NL 
1 4 2 2 1 28.7 2540 730 61.3 23.2 31.8 
1 4 2 2 2 53.8 3120 1680 78.9 51.2 30.5 
1 4 2 2 3 76.7 3350 2570 91.4 76.5 29.8 
1 4 2 3 1 58.8 2380 1400 48.3 27.9 19.9 
1 4 2 3 2 39.3 2440 960 54.8 27.1 28.3 
1 4 2 3 3 51.2 3280 1680 86.1 51.2 30.5 
1 4 2 4 1 97.3 1870 1820 63.7 62.7 34.5 
1 4 2 4 2 94.2 1900 1790 56.9 54.5 30.5 
1 4 2 4 3 89. 3 3300 2950 86.7 80.6 27.3 
1 4 3 1 1 3.4 1730 60 33.2 1.6 26.4 
1 4 3 1 2 24.5 2530 620 53.3 13.7 22.1 
1 4 3 1 3 17.5 2290 400 33 .9 9.0 22.5 
1 4 3 2 1 26.1 2710 710 54.3 14.8 20.9 
1 4 3 2 2 7.9 1770 140 35.2 3.5 24.7 
1 4 3 2 3 21.0 3140 660 65.0 16.7 25.3 
1 4 3 3 1 44.5 2380 1060 51.8 23.6 22.2 
1 4 3 3 2 11.5 2170 250 39.7 6.0 24.0 
1 4 3 3 3 22.9 1960 450 41.5 11.1 24.6 
1 4 3 4 1 70.2 2120 1490 49.7 37.0 24.8 
1 4 3 4 2 80.1 2020 1620 42.8 35.6 22.0 
1 4 3 4 3 88.5 1660 1470 40.0 36.3 24.7 
1 5 1 1 1 11.7 1224 143 31.1 5.5 38.8 
1 5 1 1 2 1.5 1658 25 34.7 1.0 39.2 
1 5 1 1 3 19.1 959 184 25.1 7.2 39 . 0 
1 5 1 2 1 0.3 1269 4 26.3 0.1 36.6 
1 5 1 2 2 2.2 1878 41 36.3 1.4 33.7 
1 5 1 2 3 21.4 1143 245 32.4 9.4 38.3 
1 5 1 3 1 0.3 1453 4 34.0 0.1 33 . 7 
1 5 1 3 2 0.3 1494 4 31.5 0.1 34.9 
1 5 1 3 3 30.2 1959 592 62.3 21.9 36.9 
1 5 1 4 1 89.4 1347 1204 61.7 56.2 46.7 
1 5 1 4 2 27.1 1429 388 39.1 14.2 36.5 
1 5 1 4 3 30.8 796 245 25.9 9.9 40.5 
1 5 2 1 1 40.3 1469 592 44.9 22.7 38.3 
1 5 2 1 2 17.6 1857 327 47.8 11.9 36.4 
1 5 2 1 3 31.5 2265 714 65.3 28.9 40.5 
1 5 2 2 1 63.4 1449 918 51.2 36.0 39.2 
1 5 2 2 2 60.8 1612 980 59.0 41.0 41.9 
1 5 2 2 3 52.2 939 490 29.9 18.0 36.7 
1 5 2 3 1 36.4 1571 571 45.1 20.5 35.8 
1 5 2 3 2 37.4 2020 755 59.6 28.9 38.2 
1 5 2 3 3 64.2 2163 1388 77.7 55. 3 39.8 
1 5 2 4 1 93.9 1673 1571 57.2 54.1 34,4 
1 5 2 4 2 73.5 694 510 26.1 20.5 40.1 
1 5 2 4 3 78.6 1429 1122 51.4 41.4 36.9 
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Table A4. Continued 
O B S  N  H  M  P  R  L  H Y  L Y  H N Y  L N Y  N L  N F  
1 6 9  1  5  3  1  1  0 . 4  1 0 2 4  4  2 1 . 5  
H
 
O
 3 5 . 9  2 0 . 9  
1 7 0  1  5  3  1  2  3 . 6  1 7 1 4  6 1  3 6 . 0  2 . 2  3 6 . 2  2 0 . 4  
1 7 1  1  5  3  1  3  1 . 7  6 0 2  1 0  1 4 . 1  0 . 4  3 8 . 7  2 3  . 1  
1 7 2  1  5  3  2  1  1 1 . 3  1 2 6 5  1 4 3  3 0 . 5  4 . 2  2 9 . 5  2 3 . 4  
1 7 3  1  5  3  2  2  6 . 5  2 0 9 5  1 3 6  2 8 . 6  5 . 2  3 8 . 1  1 2 . 0  
1 7 4  1  5  3  2  3  5 . 4  1 5 1 0  8 2  2 9 . 2  2 . 8  3 4 . 6  1 8 . 5  
1 7 5  1  5  3  3  1  5 . 6  1 1 0 2  6 1  2 5 . 3  2 . 2  3 5 . 2  2 2  .  3  
1 7 6  1  5  3  3  2  4 . 6  1 3 2 7  6 1  2 4 . 8  2 . 2  3 5 . 8  1 7 . 9  
1 7 7  1  5  3  3  3  6 . 0  1 3 6 7  8 2  2 8 . 9  2 . 8  3 4 . 6  2 0 . 2  
1 7 8  1  5  3  4  1  6 3 . 9  1 2 4 5  7 9 6  3 9 . 9  2 6 . 8  3 3 . 6  2 9 . 3  
1 7 9  1  5  3  4  2  4 . 8  2 1 4  1 0  5 . 9  0 . 4  3 8 . 7  2 7 . 1  
1 8 0  1  5  3  4  3  4 . 8  4 2 9  2 0  1 1 . 1  0 . 8  3 7 . 9  2 5 . 4  
1 8 1  1  6  1  1  1  1 4 . 3  1 0 0 0  1 4 3  2 2 . 4  5 . 3  3 7 . 4  1 9 . 9  
1 8 2  1  6  1  1  2  5 . 1  1 0 1 0  5 1  2 1 . 6  2 . 0  3 8 . 5  2 0 . 5  
1 8 3  1  6  1  1  3  4 4 . 4  1 4 6 9  6 5 3  4 3 . 7  2 3 . 7  3 6 . 3  2 4  .  6  
1 8 4  1  6  1  2  1  4 . 1  7 4 5  3 1  1 5 . 7  0 . 9  3 0 . 0  2 0 . 7  
1 8 5  1  6  1  2  2  9 . 9  6 8 0  6 7  1 5 . 4  2 . 6  3 8 . 2  2 1 . 0  
1 8 6  1  6  1  2  3  4 7 . 8  1 3 6 7  6 5 3  4 9 . 3  3 1 . 2  4 7 . 7  2 5 . 4  
1 8 7  1  6  1  3  1  7 . 8  5 9 8  4 7  1 3 . 1  1 . 8  3 8 . 2  2 0 . 6  
1 8 8  1  6  1  3  2  1 . 8  1 2 2 7  2 2  2 3 . 7  0 . 9  3 8 . 2  1 9 . 0  
1 8 9  1  6  1  3  3  5 0 . 7  1 4 4 9  7 3 5  5 3 . 9  3 4 . 8  4 7 . 4  2 6 . 6  
1 9 0  1  6  1  4  1  8 2 . 0  1 8 1 6  1 4 9 0  7 9 . 4  6 9 . 1  4 6 . 4  3 1 . 7  
1 9 1  1  6  1  4  2  5 6 . 3  1 6 3 3  9 1 8  5 9 . 2  3 9 . 5  4 3 . 0  2 7 . 6  
1 9 2  1  6  1  4  3  7 5 . 6  8 3 7  6 3 3  3 2  .  6  2 6 . 0  4 1 . 0  3 2 . 7  
1 9 3  1  6  2  1  1  6 1 . 0  1 2 0 4  7 3 5  3 8 . 7  2 7 . 4  3 7 . 3  2 4 . 0  
1 9 4  1  6  2  1  2  2 6 . 0  1 0 2 0  2 6 5  2 8 . 2  1 1 . 5  4 3 . 2  2 2  .  1  
1 9 5  1  6  2  1  3  4 5 . 6  1 3 8 8  6 3 3  4 8 . 0  2 8 . 3  4 4 . 7  2 6 . 1  
1 9 6  1  6  2  2  1  5 9 . 3  1 1 0 2  6 5 3  3 9 . 4  2 8 . 5  4 3 . 7  2 4  .  2  
1 9 7  1  6  2  2  2  6 2 . 8  1 9 1 8  1 2 0 4  6 7 . 5  4 8 . 7  4 0 . 4  2 6 . 4  
1 9 8  1  6  2  2  3  5 8 . 7  9 3 9  5 5 1  3 7 . 2  2 5 . 7  4 6 . 7  2 9 .  5  
1 9 9  1  6  2  3  1  5 4 . 7  1 5 3 1  8 3 7  4 6 . 8  3 0 . 0  3 5 . 8  2 4  .  3  
2 0 0  1  6  2  3  2  4 8 . 8  1 6 7 3  8 1 6  5 5 . 0  3 4 . 1  4 1 . 7  2 4  .  4  
2 0 1  1  6  2  3  3  6 3 . 6  1 5 7 1  1 0 0 0  5 5 . 5  4 0 . 1  4 0 . 1  2 7  .  0  
2 0 2  1  6  2  4  1  9 5 . 7  1 4 0 8  1 3 4 7  5 3 . 0  5 1 . 0  3 7 . 9  3 1 . 6  
2 0 3  1  6  2  4  2  8 3 . 1  1 3 2 7  1 1 0 2  5 6 . 6  5 0 . 2  4 5 . 6  2 8 .  5  
2 0 4  1  6  2  4  3  8 4 . 2  1 1 6 3  9 8 0  5 0 . 6  4 4 . 8  4 5 . 8  3 1 . 6  
2 0 5  1  6  3  1  1  6 . 5  5 6 7  3 7  9 . 2  1 . 5  4 1 . 7  1 4 . 4  
2 0 6  1  6  3  1  2  9 . 9  8 8 4  8 8  1 7 . 7  3  .  0  3 4  .  6  1 8 . 4  
2 0 7  1  6  3  1  3  2 . 0  6 2 4  1 2  1 3 . 6  0 . 5  4 2 . 9  2 1 . 4  
2 0 8  1  6  3  2  1  2 3 . 6  1 1 2 2  2 6 5  2 8 . 9  1 1 . 1  4 1 . 8  2 0 . 7  
2 0 9  1  6  3  2  2  2 . 7  4 6 1  1 2  9 . 4  0 . 5  4 1 . 6  1 9  .  9  
2 1 0  1  6  3  2  3  1 6 . 2  7 5 5  1 2 2  1 8 . 1  4 . 9  4 0 . 0  2 0 . 9  
2 1 1  1  6  3  3  1  1 1 . 6  9 4 7  1 1 0  2 0 . 5  3 . 5  3 1 . 3  2 0 . 3  
2 1 2  1  6  3  3  2  8 . 1  7 7 8  6 3  1 8 . 4  2 . 2  3 5 . 0  2 2  .  7  
2 1 3  1  6  3  3  3  1 4 . 9  9 5 9  1 4 3  2 2  .  3  6 . 2  4 3 . 2  1 9 . 8  
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2 1 4  1  6  3  4  1  5 8 . 2  1 1 2 2  6 5 3  4 2 . 6  2 9 . 1  4 4  . 6  2 8  . 7  
2 1 5  1  6  3  4  2  3 4 . 1  8 9 8  3 0 6  2 6 . 1  1 1 . 5  3 7  . 6  2 4  . 7  
2 1 6  1  6  3  4  3  4 6 . 2  5 3 1  2 4 5  1 5 . 1  1 0 . 4  4 2  . 4  1 6  .  4  
2 1 7  1  7  1  1  1  4 5 . 8  2 1 8 4  1 0 0 0  6 4 . 7  3 9 . 4  3 9  . 4  2 1  . 4  
2 1 8  1  7  1  1  2  5 1 . 0  1 0 0 0  5 1 0  2 9 . 8  2 1 . 2  4 1  . 6  1 7  .  6  
2 1 9  1  7  1  1  3  5 4 . 7  2 1 6 3  1 1 8 4  7 1 . 7  4 8 . 8  4 1  . 2  2 3  . 4  
2 2 0  1  7  1  2  1  3 6 . 8  1 3 8 8  5 1 0  4 0 . 5  2 3 . 4  4 5  . 8  1 9  .  5  
2 2 1  1  7  1  2  2  4 4 . 2  2 8 1 6  1 2 4 5  7 3 . 3  4 5 . 3  3 6  . 4  1 7  . 8  
2 2 2  1  7  1  2  3  4 7 . 7  2 6 1 2  1 2 4 5  8 0 . 4  5 2 . 1  4 1  . 9  2 0  . 7  
2 2 3  1  7  1  3  1  4 5 . 1  1 6 7 3  7 5 5  5 5 . 1  3 4 . 8  4 6  .  1  2 2  .  1  
2 2 4  1  7  1  3  2  3 4 . 8  1 8 1 6  6 3 3  5 0 . 8  2 6 . 9  4 2  .  5  2 0  .  2  
2 2 5  1  7  1  3  3  4 2 . 9  2 7 1 4  1 1 6 3  8 5 . 7  4 9 . 5  4 2  . 5  2 3  .  3  
2 2 6  1  7  1  4  1  9 9 . 1  2 2 8 6  2 2 6 5  1 0 0 . 6  9 9 . 9  4 4  .  1  3 2  .  5  
2 2 7  1  7  1  4  2  7 7 . 8  2 5 7 1  2 0 0 0  9 2 . 0  7 6 . 6  3 8  .  3  2 6  . 9  
2 2 8  1  7  1  4  3  9 3 . 1  2 0 6 1  1 9 1 8  9 6 . 3  9 1 . 2  4 7  . 5  3 5  . 9  
2 2 9  1  7  2  1  1  7 3 . 1  3 5 7 1  2 6 1 2  1 4 6 . 1  1 2 3  .  5  4 7  .  3  2 3  . 6  
2 3 0  1  7  2  1  2  6 3 . 0  3 7 5 5  2 3 6 7  1 1 8 . 8  8 8  .  8  3 7  .  5  2 1  .  6  
2 3 1  1  7  2  1  3  6 4 . 0  3 0 6 1  1 9 5 9  1 0 7 . 8  8 1 . 8  4 1  . 7  2 3  . 7  
2 3 2  1  7  2  2  1  8 0 . 2  2 6 7 3  2 1 4 3  1 0 6 . 6  9 1 . 7  4 2  . 8  2 8  .  1  
2 3 3  1  7  2  2  2  8 1 . 0  3 0 0 0  2 4 2 9  1 0 1 . 0  8 2 . 8  3 4  ,  .  1  3 1 ,  . 8  
2 3 4  1  7  2  2  3  9 0 . 4  3 4 0 8  3 0 8 2  1 2 8 . 6  1 1 8 . 4  3 8 ,  . 4  3 1 ,  .  0  
2 3 5  1  7  2  3  1  8 8 . 0  2 5 5 1  2 2 4 5  9 9 . 6  9 0 . 2  4 0 ,  . 2  3 0 ,  .  6  
2 3 6  1  7  2  3  2  8 2 . 0  3 2 8 6  2 6 9 4  1 2 2 . 3  1 0 7  .  7  4 0 ,  . 0  2 4 .  .  6  
2 3 7  1  7  2  3  3  7 9 . 6  2 1 0 2  1 6 7 3  7 8 . 8  6 6 . 7  3 9 .  , 9  2 8 .  , 2  
2 3 8  1  7  2  4  1  9 9 . 3  2 8 5 7  2 8 3 7  1 1 6 . 2  1 1 5 . 4  4 0 .  . 7  3 9 .  .1  
2 3 9  1  7  2  4  2  9 5 . 8  2 4 2 9  2 3 2 7  9 6 . 8  9 3 . 1  4 0 .  , 0  3 5 .  , 7  
2 4 0  1  7  2  4  3  9 6 . 9  2 5 9 2  2 5 1 0  1 0 9 . 2  1 0 6 . 4  4 2 .  , 4  3 4  .  .  6  
2 4 1  1  7  3  1  1  1 0 . 2  1 0 0 0  1 0 2  1 9 . 2  3 . 9  3 8 .  ,  5  1 7 .  ,  0  
2 4 2  1  7  3  1  2  3 4 . 2  1 4 9 0  5 1 0  3 9 . 2  2 1 . 8  4 2  .  7  1 7 .  8  
2 4 3  1  7  3  1  3  1 3 . 8  1 7 7 6  2 4 5  3 6 . 1  1 0 . 3  4 2  .  , 0  1 6 .  9  
2 4 4  1  7  3  2  1  4 5 . 5  2 2 4 5  1 0 2 0  5 8 . 9  3 6 . 1  3 5 .  3  1 8 .  7  
2 4 5  1  7  3  2  2  1 5 . 9  1 4 0 8  2 2 4  2 4 . 5  8 . 7  3 8 .  8  1 3  .  3  
2 4 6  1  7  3  2  3  3 1 . 3  1 6 9 4  5 3 1  4 0 . 5  2 0 . 2  3 8 .  0  1 7  .  5  
2 4 7  1  7  3  3  1  3 6 . 6  1 8 9 8  6 9 4  5 0 . 1  2 7 . 4  3 9 .  5  1 8  .  8  
2 4 8  1  7  3  3  2  3 6 . 1  2 2 0 4  7 9 6  5 8 . 6  3 1 . 9  4 0 .  0  1 9 .  0  
2 4 9  1  7  3  3  3  3 9 . 0  2 0 4 1  7 9 6  5 9 . 9  3 4  . 1  4 2 .  9  2 0 .  7  
2 5 0  1  7  3  4  1  8 7 .  1  2 6 9 4  2 3 4 7  1 0 7 . 7  9 6 . 6  4 1 .  2  3 2  .  0  
2 5 1  1  7  3  4  2  5 5 . 0  1 2 2 4  6 7 3  4 5 . 0  2 8 . 4  4 2  .  1  3 0 .  2  
2 5 2  1  7  3  4  3  7 3 . 3  1 8 3 7  1 3 4 7  7 8 . 5  6 2 . 8  4 6 .  6  3 2  .  0  
2 5 3  1  8  1  1  1  6 8 . 1  2 9 3 9  2 0 0 0  8 4  .  5  6 6 . 2  3 3  .  1  1 9 .  5  
2 5 4  1  8  1  1  2  5 0 . 0  2 6 5 3  1 3 2 7  6 6 . 3  4 0 . 2  3 0 .  3  1 9  .  6  
2 5 5  1  8  1  1  3  7 8 . 2  3 0 0 0  2 3 4 7  8 9 . 4  7 6 . 0  3 2  .  4  2 0 .  7  
2 5 6  1  8  1  2  1  6 6 . 4  2 9 1 8  1 9 3 9  8 7 . 1  6 3 . 3  3 2  .  7  2 4  .  3  
2 5 7  1  8  1  2  2  5 7 . 8  1 6 9 4  9 8 0  4 8 . 4  3 4 . 4  3 5 .  1  1 9 .  6  
2 5 8  1  8  1  2  3  7 7 . 2  2 7 7 6  2 1 4 3  7 5 . 3  6 1 .  9  2 8 .  9  2 1 .  1  
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2 5 9  1  8  1  3  1  7 3 . 7  2 7 1 4  2 0 0 0  7 7 . 6  6 3 . 0  3 1  . 5  2 0 . 5  
2 6 0  1  8  1  3  2  8 0 . 9  1 9 1 8  1 5 5 1  5 1 . 7  4 3 . 9  2 8  . 3  2 1 . 1  
2 6 1  1  8  1  3  3  5 6 . 9  2 0 8 2  1 1 8 4  6 0 . 3  4 1 . 7  3 5  .  3  2 0 . 7  
2 6 2  1  8  1  4  1  9 8 . 0  2 5 6 1  2 5 1 0  8 3 . 1  8 2 . 0  3 2  . 7  2 2 . 7  
2 6 3  1  8  1  4  2  7 8 . 9  3 0 0 0  2 3 6 7  9 1 . 0  7 5 . 2  3 1  . 8  2 4 . 9  
2 6 4  1  8  1  4  3  9 4 . 7  2 7 1 4  2 5 7 1  9 4 . 3  9 1 . 4  3 5  . 5  2 0 . 5  
2 6 5  1  8  2  1  1  8 2 . 9  3 4 6 9  2 8 7 8  1 0 9 . 3  9 4 . 8  3 2  . 9  2 4 . 6  
2 6 6  1  8  2  1  2  7 8 . 5  3 0 4 1  2 3 8 8  9 7 . 4  8 2 . 8  3 4  . 7  2 2 . 4  
2 6 7  1  8  2  1  3  7 7 . 7  3 9 3 9  3 0 6 1  9 8 . 5  7 7 . 0  2 5  .  1  2 4 . 6  
2 6 8  1  8  2  2  1  8 9 . 8  3 8 1 6  3 4 2 9  9 5 . 3  8 5 . 2  2 4  . 9  2 6 . 2  
2 6 9  1  8  2  2  2  8 4 . 8  3 3 6 7  2 8 5 7  8 0 . 1  6 6 . 9  2 3  . 4  2 6 . 0  
2 7 0  1  8  2  2  3  8 8 . 4  3 5 1 0  3 1 0 2  9 7 . 2  8 6 . 1  2 7  . 7  2 7 . 3  
2 7 1  1  8  2  3  1  8 1 . 0  3 2 2 4  2 6 1 2  9 3 . 8  7 7 . 7  2 9  . 8  2 6 . 3  
2 7 2  1  8  2  3  2  8 1 . 2  4 0 2 0  3 2 6 5  1 0 8 . 6  9 0 . 6  2 7  . 7  2 3 . 8  
2 7 3  1  8  2  3  3  8 4 . 9  3 6 5 3  3 1 0 2  1 1 4 . 1  1 0 0 . 4  3 2  . 4  2 4 . 9  
2 7 4  1  8  2  4  1  9 6 . 1  3 6 9 4  3 5 5 1  9 9 . 2  9 5 . 4  2 6  . 9  2 6 . 3  
2 7 5  1  8  2  4  2  8 3 . 3  1 7 1 4  1 4 2 9  5 6 . 4  4 9 . 5  3 4  . 7  2 4 . 1  
2 7 6  1  8  2  4  3  9 8 . 8  3 2 0 3  3 1 6 3  1 0 5 . 5  1 0 4 . 7  3 3  .  1  1 9 . 9  
2 7 7  1  8  3  1  1  5 5 . 4  1 5 1 0  8 3 7  3 9 . 0  2 6 . 4  3 1  . 5  1 8 . 8  
2 7 8  1  8  3  1  2  5 9 . 1  2 7 9 6  1 6 5 3  6 9 . 1  4 7 . 3  2 8  .  6  1 9 . 1  
2 7 9  1  8  3  1  3  6 9 . 0  3 8 1 6  2 6 3 3  1 0 2 . 6  8 1 . 4  3 0  . 9  1 7 . 9  
2 8 0  1  8  3  2  1  7 8 . 4  2 7 3 5  2 1 4 3  8 6 . 1  7 4 . 0  3 4  . 5  2 0 . 4  
2 8 1  1  8  3  2  2  5 5 . 4  1 5 1 0  8 3 7  3 9 . 0  2 7 . 1  3 2  . 4  1 7 . 6  
2 8 2  1  8  3  2  3  7 1 . 6  3 0 2 0  2 1 6 3  8 0 . 2  6 3  .  1  2 9  . 2  1 9 . 9  
2 8 3  1  8  3  3  1  7 0 . 8  3 1 4 3  2 2 2 4  6 9 . 7  5 1 . 7  2 3  .   3  1 9 .  5  
2 8 4  1  8  3  3  2  7 0 . 5  3 1 8 4  2 2 4 5  8 4 . 7  6 6 . 8  2 9 ,  . 8  1 9 . 1  
2 8 5  1  8  3  3  3  7 1 . 6  2 8 7 8  2 0 6 1  7 6 . 5  6 0 . 5  2 9 ,  .  3  1 9 . 6  
2 8 6  1  8  3  4  1  9 4 . 6  4 5 7 1  4 3 2 7  1 3 3 . 2  1 2 6 . 9  2 9 ,  .  3  2 5 . 7  
2 8 7  1  8  3  4  2  8 4 . 9  3 2 4 5  2 7 5 5  8 5 . 6  7 3 . 2  2 6 .  , 6  2 5 . 1  
2 8 8  1  8  3  4  3  8 4 . 5  3 5 5 1  3 0 0 0  1 0 3 . 9  8 8 . 9  2 9 ,  ,  6  2 7 . 3  
2 8 9  1  9  1  1  1  0 . 0  3 8 8  0  1 3 . 7  0 . 0  3 5 . 3  
2 9 0  1  9  1  1  2  0 . 0  5 1 0  0  1 4 . 8  0 . 0  2 9 . 0  
2 9 1  1  9  1  1  3  0 . 0  8 5 7  0  2 3  .  2  0 . 0  2 7 .  1  
2 9 2  1  9  1  2  1  0 . 0  3 8 8  0  1 2 . 1  0 . 0  3 1 . 3  
2 9 3  1  9  1  2  2  0 . 0  8 1 6  0  2 3  . 9  0 . 0  2 9 . 2  
2 9 4  1  9  1  2  3  0 . 0  7 3 5  0  1 9 . 4  0 . 0  2 6 . 4  
2 9 5  1  9  1  3  1  0 . 0  7 5 5  0  2 1 . 7  0 . 0  2 8 . 7  
2 9 6  1  9  1  3  2  0 . 0  6 1 2  0  1 7 . 2  0 . 0  2 8 . 1  
2 9 7  1  9  1  3  3  0 . 0  8 9 8  0  2 7 . 0  0 . 0  3 0 . 1  
2 9 8  1  9  1  4  1  0 . 0  3 1  0  1 . 1  0 . 0  3 5 . 4  
2 9 9  1  9  1  4  2  0 . 0  3 0 6  0  9 . 7  0 . 0  3 1 . 7  
3 0 0  1  9  1  4  3  0 . 0  8 2  0  2 . 4  0 . 0  3 0 . 0  
3 0 1  1  9  2  1  1  5 8 . 3  9 8 0  5 7 1  3 0 . 3  1 7 . 5  3 0 .  7  3 1 . 4  
3 0 2  1  9  2  1  2  7 5 . 0  1 1 4 3  8 5 7  3 1 . 8  2 2 . 9  2 6 .  7  3 1 . 3  
3 0 3  1  9  2  1  3  7 5 .  0  1 2 2 4  9 1 8  3 1 . 8  2 2 . 8  2 4 .  8  2 9 . 4  
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3 0 4  1  9  2  2  1  7 7 . 9  1 3 8 8  1 0 8 2  3 9 . 8  3 0 . 5  2 8 . 2  3 0 . 2  
3 0 5  1  9  2  2  2  4 4 . 8  8 8 8  3 9 8  2 4 . 9  1 1 . 3  2 8 . 4  2 7 . 8  
3 0 6  1  9  2  2  3  4 0 . 2  9 9 0  3 9 8  2 8 . 0  1 1 . 2  2 8 . 2  2 8 . 2  
3 0 7  1  9  2  3  1  9 1 . 0  1 5 9 3  1 4 4 9  4 1 . 9  3 8 . 0  2 6 . 2  2 7 . 2  
3 0 8  1  9  2  3  2  5 5 . 2  1 3 6 7  7 5 5  3 6 . 6  1 9 . 4  2 5 . 7  2 8 . 1  
3 0 9  1  9  2  3  3  8 0 . 9  1 9 1 8  1 5 5 1  4 8 . 9  3 8 . 2  2 4 . 7  2 9 . 1  
3 1 0  1  9  2  4  1  9 3 . 2  1 5 3 2  1 4 2 9  3 9 . 4  3 6 . 2  2 5 . 4  3 0 . 7  
3 1 1  1  9  2  4  2  6 2 . 9  1 2 6 5  7 9 6  3 1 . 8  1 8 . 7  2 3 . 5  2 7 . 8  
3 1 2  1  9  2  4  3  9 0 . 4  9 4 8  8 5 7  2 6 . 3  2 3 . 3  2 7 . 2  3 2  .  0  
3 1 3  1  9  3  1  1  2 6 . 6  8 3 4  2 2 1  1 9 . 7  7 . 5  3 3 . 8  2 0 . 0  
3 1 4  1  9  3  1  2  5 7 . 2  1 6 2 2  9 2 9  3 8 . 6  2 1 . 8  2 3 . 5  2 4 . 2  
3 1 5  1  9  3  1  3  2 3 . 9  9 9 2  2 3 7  2 0 . 1  4 . 1  1 7 . 5  2 1 . 1  
3 1 6  1  9  3  2  1  7 8 . 4  2 0 8 2  1 6 3 3  5 2 . 9  4 1 . 2  2 5 . 2  2 6 . 1  
3 1 7  1  9  3  2  2  1 0 . 9  7 7 9  8 5  1 7 . 5  2 . 1  2 4 . 4  2 2  .  2  
3 1 8  1  9  3  2  3  5 3 . 5  1 4 4 9  7 7 6  3 6 . 3  1 8 . 1  2 3 . 4  2 7 . 0  
3 1 9  1  9  3  3  1  6 4 . 0  1 5 3 1  9 8 0  3 6 . 9  2 2 . 0  2 2 . 5  2 7  .  0  
3 2 0  1  9  3  3  2  6 1 . 1  2 2 0 4  1 3 4 7  5 0 . 0  3 1 . 1  2 3  . 1  2 2  . 1  
3 2 1  1  9  3  3  3  7 4 . 3  1 5 1 0  1 1 2 2  3 5 . 6  2 4 . 0  2 1 . 4  3 0 . 0  
3 2 2  1  9  3  4  1  9 6 . 4  1 4 1 8  1 3 6 7  3 6 . 8  3 5 . 1  2 5 . 7  3 3  . 0  
3 2 3  1  9  3  4  2  6 7 . 1  1 6 1 2  1 0 8 2  4 1 . 2  2 4 . 8  2 2 . 9  3 0 . 8  
3 2 4  1  9  3  4  3  8 0 . 2  2 4 6 9  1 9 8 0  5 9 . 3  4 5 . 7  2 3 . 1  2 7 . 8  
3 2 5  2  5  1  2  1  2 . 2  2 7 3 5  6 1  6 9 . 7  2  .  5  4 0 . 1  2 5 . 1  
3 2 6  2  5  1  2  2  1 . 9  2 1 2 2  4 1  5 2 . 4  1 . 4  3 4  .  3  2 4 . 5  
3 2 7  2  5  1  2  3  1 4 . 8  2 4 9 0  3 6 7  7 3 . 8  1 4 . 4  3 9 . 1  2 8  .  0  
3 2 8  2  5  1  4  1  5 9 . 7  1 2 6 5  7 5 5  4 7 . 6  2 9 . 5  3 9 . 1  3 5 . 4  
3 2 9  2  5  1  4  2  2 9 . 3  8 3 7  2 4 5  2 9 . 3  9 . 2  3 7 . 7  3 3 . 9  
3 3 0  2  5  1  4  3  7 7 . 0  1 2 4 5  9 5 9  4 6 . 1  3 5 . 7  3 7 . 2  3 6 . 6  
3 3 1  2  5  2  2  1  2 6 . 9  2 1 2 2  5 7 1  7 7 . 2  2 3  .  6  4 1 . 3  3 4  .  6  
3 3 2  2  5  2  2  2  2 7 . 3  2 0 2 0  5 5 1  7 0 . 7  2 1 . 8  3 9 . 6  3 3 . 3  
3 3 3  2  5  2  2  3  5 5 .  1  1 7 3 6  9 5 6  6 8 . 9  4 0 . 4  4 2  .  3  3 6 . 5  
3 3 4  2  5  2  4  1  9 1 . 8  1 0 0 0  9 1 8  4 4 . 5  4 1 . 1  4 4 . 7  4 2 . 5  
3 3 5  2  5  2  4  2  9 4 . 5  1 4 9 0  1 4 0 8  6 2 . 6  5 9 . 5  4 2 . 3  3 7 . 5  
3 3 6  2  5  2  4  3  9 6 . 9  1 3 0 6  1 2 6 5  5 0 . 8  4 9 . 3  3 8 . 9  3 7 . 9  
3 3 7  2  5  3  2  1  2 6 . 3  1 6 3 3  4 2 9  4 9 . 5  1 3 . 8  3 2 . 2  2 9 . 6  
3 3 8  2  5  3  2  2  0 . 0  2 4 6 9  0  5 6 . 0  0 . 0  2 2 . 7  
3 3 9  2  5  3  2  3  2 . 1  2 8 9 8  6 1  8 9 . 8  2  .  0  3 2  .  0  3 1 . 0  
3 4 0  2  5  3  4  1  8 . 1  7 5 5  6 1  2 8 . 5  2  .  6  4 2 . 8  3 7 . 3  
3 4 1  2  5  3  4  2  1 3  .  3  1 5 3 1  2 0 4  5 2 . 7  8 . 2  4 0 . 0  3 3 .  6  
3 4 2  2  5  3  4  3  1 9 . 2  1 5 9 2  3 0 6  4 7 . 5  1 1 . 7  3 8 . 2  2 7 . 8  
3 4 3  2  6  1  2  1  0 . 2  1 2 4 7  2  2 4 . 7  0 . 1  3 4 . 7  1 9 . 8  
3 4 4  2  6  1  2  2  2  .  3  1 5 0 4  3 5  3 2 . 3  1 . 2  3 5 . 5  2 1 . 1  
3 4 5  2  6  1  2  3  4 . 7  2 0 7 8  9 8  4 8 . 3  3  .  2  3 2 . 7  2 2  .  8  
3 4 6  2  6  1  4  1  6 4 . 1  1 5 9 2  1 0 2 0  6 0 . 4  4 3 . 4  4 2  .  5  2 9 . 8  
3 4 7  2  6  1  4  2  6 3 . 8  1 9 1 8  1 2 2 4  7 1 . 7  5 2  .  9  4 3  .  2  2 7 . 0  
3 4 8  2  6  1  4  3  7 8 . 9  1 9 3 9  1 5 3 1  7 0 . 5  5 9 . 0  3 8 . 6  2 8 . 0  
Table A4. Continued 
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3 4 9  2  6  2  2  1  4 5 . 7  1 4 2 9  6 5 3  4 5 . 9  2 5 . 3  3 8 . 7  2 6 . 6  
3 5 0  2  6  2  2  2  3 7 . 8  1 5 1 0  5 7 1  4 1 . 7  1 9 . 9  3 4 . 9  2 3 . 2  
3 5 1  2  6  2  2  3  3 1 . 3  9 8 0  3 0 6  3 4 . 9  1 4  . 1  4 6 . 0  3 0 . 9  
3 5 2  2  6  2  4  1  9 6 . 5  1 7 3 5  1 6 7 3  6 8 . 4  6 6 . 8  3 9 . 9  2 5 . 1  
3 5 3  2  6  2  4  2  8 4 . 6  1 3 2 7  1 1 2 2  4 9 . 3  4 5 . 3  4 0 . 4  1 9 . 8  
3 5 4  2  6  2  4  3  9 0 . 9  1 1 2 2  1 0 2 0  4 0 . 5  3 8 .  1  3 7 . 3  2 3  .  1  
3 5 5  2  6  3  2  1  3 . 0  1 3 6 7  4 1  3 0 . 6  1 . 7  4 1 . 3  2 1 . 8  
3 5 6  2  6  3  2  2  0 . 0  1 5 3 1  0  2 5 . 4  0 . 0  1 6 .  6  
3 5 7  2  6  3  2  3  0 . 8  1 7 0 8  1 4  3 8 . 0  0 . 4  2 4 . 8  2 2 . 2  
3 5 8  2  6  3  4  1  1 1 . 6  7 5 4  8 8  1 8 . 7  3 . 3  3 8 . 2  2 3 . 0  
3 5 9  2  6  3  4  2  2 2 . 7  8 9 8  2 0 4  2 4 . 3  8 . 3  4 0 . 4  2 3  . 1  
3 6 0  2  6  3  4  3  9 . 1  1 1 2 2  1 0 2  2 9 . 4  3 . 9  3 8 . 1  2 5 . 0  
3 6 1  2  7  1  2  1  1 4 . 1  1 4 4 9  2 0 4  3 2 . 1  9 . 1  4 4 . 4  1 8 . 5  
3 6 2  2  7  1  2  2  3 5 . 2  2 2 0 4  7 7 6  6 6 . 3  3 3 . 8  4 3 . 6  2 2 . 8  
3 6 3  2  7  1  2  3  4 1 . 9  2 6 3 3  1 1 0 2  8 1 . 3  4 6 . 9  4 2  .  6  2 2 . 5  
3 6 4  2  7  1  4  1  8 3  . 0  2 2 8 6  1 8 9 8  9 5 . 6  7 9 . 7  4 2 . 0  4 1 . 1  
3 6 5  2  7  1  4  2  8 6 . 8  2 7 7 6  2 4 0 8  1 1 7 . 2  1 0 5 . 8  4 3 . 9  3 1 . 2  
3 6 6  2  7  1  4  3  9 7 . 2  2 1 6 3  2 1 0 2  9 9 . 6  9 7 . 4  4 6 . 4  3 5 . 3  
3 6 7  2  7  2  2  1  6 2 . 2  2 7 5 5  1 7 1 4  9 6 . 4  7 4 . 9  4 3 . 7  2 0 . 6  
3 6 8  2  7  2  2  2  4 9 . 3  2 7 7 6  1 3 6 7  8 9 . 4  5 7 . 8  4 2  .  3  2 2  .  5  
3 6 9  2  7  2  2  3  6 9 . 7  3 3 6 7  2 3 4 7  1 1 7 . 9  9 1 . 4  3 9 . 0  2 5 . 9  
3 7 0  2  7  2  4  1  9 8 . 3  3 5 1 0  3 4 4 9  1 0 5 . 3  1 0 3 . 2  2 9 . 9  3 3 . 8  
3 7 1  2  7  2  4  2  9 7 . 9  2 9 5 9  2 8 9 8  1 1 4 . 5  1 1 1 . 7  3 8 . 6  4 4 . 6  
3 7 2  2  7  2  4  3  8 4 . 3  2 4 6 9  2 0 8 2  1 0 1 . 9  8 8 . 3  4 2 . 4  3 5 . 3  
3 7 3  2  7  3  2  1  3 9 . 4  1 4 4 9  5 7 1  4 6 . 8  2 5 . 9  4 5 . 3  2 3 . 8  
3 7 4  2  7  3  2  2  1 . 3  1 5 3 1  2 0  2 4 . 7  0 . 7  3 6 . 7  1 5 . 8  
3 7 5  2  7  3  2  3  1 1 . 1  1 1 0 2  1 2 2  2 5 . 1  5 . 0  4 0 . 4  2 0 . 6  
3 7 6  2  7  3  4  1  6 5 . 3  1 0 0 0  6 5 3  3 6 . 0  2 5 . 6  3 9 . 2  3 0 . 1  
3 7 7  2  7  3  4  2  6 4 . 0  2 2 6 5  1 4 4 9  8 5 . 9  6 5 . 1  4 4 . 9  2 5 . 5  
3 7 8  2  7  3  4  3  6 5 . 8  2 3 2 7  1 5 3 1  7 9 . 5  5 6 . 4  3 6 , 8  2 9 . 1  
3 7 9  2  8  1  2  1  4 2 . 9  1 7 1 4  7 3 5  4 1 . 0  2 3 . 1  3 1 . 5  1 8 . 2  
3 8 0  2  8  1  2  2  6 3 . 3  2 2 2 4  1 4 0 8  6 4 . 1  4 8 . 4  3 4 . 4  1 9 . 2  
3 8 1  2  8  1  2  3  6 4 . 5  2 5 3 1  1 6 3 3  7 0 . 5  5 2  .  4  3 2  . 1  2 0 . 2  
3 8 2  2  8  1  4  1  7 3 . 3  2 9 8 0  2 1 8 4  9 4 . 8  7 2  .  6  3 3  .  2  2 7 . 9  
3 8 3  2  8  1  4  2  9 5 . 0  1 6 3 3  1 5 5 1  5 7 . 6  5 5 .  6  3 5 . 8  2 5 . 1  
3 8 4  2  8  1  4  3  9 6 . 7  2 5 1 0  2 4 2 9  7 7 . 0  7 6 . 1  3 1 . 4  1 0 . 1  
3 8 5  2  8  2  2  1  7 4 . 0  3 5 3 1  2 6 1 2  8 9 . 3  6 7 . 6  2 5 . 9  2 3 . 7  
3 8 6  2  8  2  2  2  6 9 .  2  2 9 8 0  2 0 6 1  8 6 . 1  6 6 . 7  3 2 . 4  2 1 . 1  
3 8 7  2  8  2  2  3  7 6 . 9  3 1 8 4  2 4 4 9  8 3 . 8  6 6 . 5  2 7 . 2  2 3 .  6  
3 8 8  2  8  2  4  1  9 6 . 9  3 2 8 6  3 1 8 4  9 8 . 9  9 6 . 1  3 0 . 2  2 6 . 7  
3 8 9  2  8  2  4  2  9 2 . 7  2 7 3 0  2 5 3 1  7 3 . 8  6 8 . 7  2 7 . 2  2 5 . 5  
3 9 0  2  8  2  4  3  9 6 .  0  3 4 9 5  3 3 5 5  1 1 7 . 3  1 1 3 . 9  3 4  .  0  2 4  .  3  
3 9 1  2  8  3  2  1  6 6 . 0  3 1 8 4  2 1 0 2  8 9 . 0  6 8  .  0  3 2 . 4  1 9 . 4  
3 9 2  2  8  3  2  2  1 0 . 3  1 1 8 4  1 2 2  1 8 . 7  3 . 7  3 0 . 2  1 4  .  2  
3 9 3  2  8  3  2  3  4 8 . 9  1 7 9 6  8 7 8  4 3  . 1  2 7  .  1  3 0 . 9  1 7 . 3  
Table A4. Continued 
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3 9 4  2  8  3  4  1  7 0 . 3  3 3 6 7  2 3 6 7  9 5 . 0  7 3 . 2  3 0 .  9  2 1 .  8  
3 9 5  2  8  3  4  2  8 7 . 8  3 3 5 7  2 9 4 8  8 4 . 9  7 5 . 8  2 5 .  . 1  2 2  .  2  
3 9 6  2  8  3  . 4  3  8 4 . 2  3 3 6 7  2 8 3 7  9 2 . 3  7 7 . 9  2 7 .  5  2 7 .  2  
3 9 7  2  9  1  2  1  0 . 0  9 3 9  0  2 0 . 7  0 . 0  2 2  .  1  
3 9 8  2  9  1  2  2  0 . 0  6 3 3  0  1 4 . 1  0 . 0  2 2 .  4  
3 9 9  2  9  1  2  3  0 . 0  5 3 1  0  1 3 . 6  0 . 0  2 5 .  7  
4 0 0  2  9  1  4  1  0 . 0  3 2 7  0  9 . 5  0 . 0  2 9 .  2  
4 0 1  2  9  1  4  2  0 . 0  3 2 7  0  1 0 . 2  0 . 0  3 1 .  3  
4 0 2  2  9  1  4  3  0 . 0  4 1  0  1 . 2  0 . 0  3 0 .  1  
4 0 3  2  9  2  2  1  9 2 . 0  1 7 7 6  1 6 3 3  4 7 . 6  4 3 . 3  2 6 .  5  3 0 .  4  
4 0 4  2  9  2  2  2  6 4 . 3  1 4 2 9  9 1 8  3 5 . 2  2 1 . 1  2 2  .  9  2 7 .  7  
4 0 5  2  9  2  2  3  6 8 . 3  1 0 3 1  7 0 4  2 9 . 1  1 7  . 9  2 5 .  4  3 4  .  4  
4 0 6  2  9  2  4  1  8 8  .  0  1 2 5 2  1 1 0 2  3 1 . 7  2 8 . 1  2 5 .  5  2 4  .  2  
4 0 7  2  9  2  4  2  7 7 . 8  4 5 9  3 5 7  1 2 . 5  9 . 5  2 6 .  5  2 9 .  5  
4 0 8  2  9  2  4  3  9 0 . 7  1 1 0 2  1 0 0 0  3 0 , 9  2 7 . 7  2 7 .  7  3 2 .  1  
4 0 9  2  9  3  2  1  5 2 . 9  1 7 7 6  9 3 9  4 3  .  3  2 5 . 3  2 7 .  0  2 1 .  5  
4 1 0  2  9  3  2  2  4  .  5  7 2 6  3 2  1 4 . 3  0 . 7  2 2  .  1  1 9  .  6  
4 1 1  2  9  3  2  3  2 5 . 8  1 2 6 5  3 2 7  2 7 . 9  8  .  6  2 6 .  2  2 0 .  6  
4 1 2  2  9  3  4  1  5 0 . 0  1 2 2 4  6 1 2  3 1 . 7  1 5 . 7  2 5 .  7  2 6 .  1  
4 1 3  2  9  3  4  2  6 4 . 7  1 0 4 1  6 7 3  2 6 . 8  1 5 . 6  2 3 .  2  3 0 .  2  
4 1 4  2  9  3  4  3  6 2 . 3  1 0 8 2  6 7 3  2 7 . 5  1 5 . 7  2 3  .  4  2 8 .  8  
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( A T E X L )  a n d  a s s o c i a t e d  t a l l  f e s c u e  ( A T E X F ) ;  N  
d e r i v e d  f r o m  a i r  i n  l e g u m e s  ( N d f a )  a n d  i n  t a l l  
f e s c u e  ( N t d f a ) ;  l e g u m e  f i x e d - N  y i e l d  ( L N F I X ) ;  
a n d  t r a n s f e r r e d - N  y i e l d  ( F N F I X )  i n  E x p  1 ^  
O B S  N  H  M  P  R  A T E X L  A T E X F  N d f a  N t d f a  L N F I X  F N F I X  
— 1 
1  1  1  1  1  1  0 . 0 9 1  0 . 3 1 0  7 3 . 9  1 1 . 4  0 . 7  2 . 1  
2  1  1  1  1  2  0 . 0 6 0  0 . 1 9 5  8 2 . 7  4 4 . 3  4 . 2  2 . 3  
3  1  1  1  1  3  0 . 0 9 6  0 . 2 6 0  7 2 . 6  2 5 . 7  3 . 1  4 . 9  
4  1  1  1  2  1  0 . 0 5 0  0 . 3 6 0  8 5 . 7  0 . 0  1 0 . 7  0 . 0  
5  1  1  1  2  2  0 . 1 2 0  0 . 3 4 0  6 5 . 7  2 . 9  3  .  0  0 . 2  
6  1  1  1  2  3  0 . 0 3 0  0 . 2 2 0  9 1 . 4  3 7 . 1  8  .  3  6 . 1  
7  1  1  1  3  1  0 . 0 1 2  0 . 3 1 0  9 6 . 4  1 1 . 4  6 . 4  0 . 7  
8  1  1  1  3  2  0 . 0 5 3  0 . 2 7 0  8 4 . 8  2 2 . 9  4 . 2  0 . 9  
9  1  1  1  3  3  0 . 0 5 0  0 . 3 3 0  8 5 . 7  5 . 7  1 2 . 1  0 . 9  
1 0  1  1  1  4  1  0 . 0 8 0  0 . 2 8 0  7 7 . 1  2 0 . 0  1 3 . 0  3 . 7  
1 1  1  1  1  4  2  0 . 0 7 0  0 . 3 1 7  8 0 . 0  9 . 6  6 . 9  0 . 1  
1 2  1  1  1  4  3  0 . 0 5 0  0 . 2 0 0  8 5 . 7  4 2 . 9  1 5 . 0  4  .  2  
1 3  1  1  2  1  1  0 . 0 7 5  0 . 3 2 0  7 8 . 6  8  .  6  2 . 4  0 . 5  
1 4  1  1  2  1  2  0 . 0 3 0  0 . 2 4 0  9 1 . 4  3 1 . 4  1 1 . 9  5 . 3  
1 5  1  1  2  1  3  0 . 0 5 0  0 . 2 8 0  8 5 . 7  2 0 . 0  4 . 1  3 . 9  
1 6  1  1  2  2  1  0 . 0 6 0  0 . 3 6 3  8 2 . 9  0 . 0  5 . 8  0 . 0  
1 7  1  1  2  2  2  0 . 0 8 1  0 . 2 2 8  7 6 . 9  3 4 . 9  2 . 7  2  .  0  
1 8  1  1  2  2  3  0 . 0 4 0  0 . 2 3 0  8 8  .  6  3 4 . 3  1 2 . 5  6 . 4  
1 9  1  1  2  3  1  0 . 0 3 0  0 . 2 7 0  9 1 . 4  2 2 . 9  2 1 . 1  2  .  8  
2 0  1  1  2  3  2  0 . 0 5 0  0 . 3 1 0  8 5 . 7  1 1 . 4  1 4 . 4  1 . 9  
2 1  1  1  2  3  3  0 . 0 7 0  0 . 2 7 0  8 0 . 0  2 2 . 9  1 3  . 1  3  .  9  
2 2  1  1  2  4  1  0 . 0 6 0  0 . 2 9 0  8 2 . 9  1 7 . 1  1 9 . 4  1 . 9  
2 3  1  1  2  4  2  0 . 0 8 0  0 . 2 9 6  7 7 . 1  1 5 . 5  1 6 . 0  0 . 7  
2 4  1  1  2  4  3  0 . 0 9 0  0 . 2 4 0  7 4 . 3  3 1 . 4  1 3  .  0  2 . 8  
2 5  1  1  3  1  1  0 . 1 0 3  0 . 4 6 0  7 0 . 7  0 . 0  3  .  6  0 . 0  
2 6  1  1  3  1  2  0 . 0 8 8  0 . 2 7 0  7 4 . 9  2 2 . 9  3 . 2  3 . 8  
2 7  1  1  3  1  3  0 . 1 6 0  0 . 2 2 0  5 4 . 3  3 7 . 1  1 . 5  7 . 3  
2 8  1  1  3  2  1  0 . 1 1 8  0 . 2 6 0  6 6 . 3  2 5 . 7  1 . 0  3  .  3  
2 9  1  1  3  2  2  0 . 1 1 2  0 . 2 5 0  6 8  .  0  2 8  .  6  0 . 9  1 . 9  
3 0  1  1  3  2  3  0 . 1 2 8  0 . 2 8 0  6 3 . 5  2 0 . 0  2  .  0  4  .  0  
3 1  1  1  3  3  1  0 . 0 8 1  0 . 3 0 0  7 6 . 8  1 4  .  3  2 . 5  1 . 4  
3 2  1  1  3  3  2  0 . 1 1 8  0 . 3 1 0  6 6 . 4  1 1 . 4  0 . 9  0 . 9  
3 3  1  1  3  3  3  0 . 1 0 0  0 . 3 1 0  7 1 . 3  1 1 . 4  2 . 7  1 . 7  
& O B S  =  o b s e r v a t i o n ;  N  =  n i t r o g e n  r a t e  ( 1  =  n i l  a n d  
2  =  1 0 0  k g / h a ) ;  H  =  h a r v e s t ,  M  =  m i x t u r e  ( 1  =  w h i t e  
c l o v e r - t a l l  f e s c u e ,  2  =  r e d  c l o v e r - t a l l  f e s c u e ,  
3  =  b i r d s f o o t  t r e f o i l - t a l l  f e s c u e ) ;  P  =  l e g u m e  
p r o p o r t i o n ;  R  =  r e p l i c a t i o n .  
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O B S  N  H  M  P  R  A T E X L  A T E X F  N d f a  N t d f a  L N F I X  F N F I X  
3 4  1  1  3  4  1  0 . 1 6 0  0 . 3 0 0  5 4 . 3  1 4 . 3  1 0 . 4  2 . 5  
3 5  1  1  3  4  2  0 . 1 4 2  0 . 2 2 9  5 9 . 5  3 4 . 6  2 . 7  1 . 1  
3 6  1  1  3  4  3  0 . 1 0 0  0 . 2 2 5  7 1 . 4  3 5 . 8  7 . 2  1 . 8  
3 7  1  2  1  1  1  0 . 0 6 0  0 . 9 1 0  9 4 . 7  1 9 . 5  6 2 . 9  4 . 6  
3 8  1  2  1  1  2  0 . 0 7 0  0 . 7 5 0  9 3 . 8  3 3 . 6  1 0 0 . 5  8 . 3  
3 9  1  2  1  1  3  0 . 0 5 0  0 . 7 4 0  9 5 . 6  3 4 . 5  4 3 . 8  6 . 4  
4 0  1  2  1  2  1  0 . 1 2 0  0 . 8 9 0  8 9 . 4  2 1 . 2  7 5 .  5  3  .  9  
. 4 1  1  2  1  2  2  0 . 0 9 0  0 . 9 9 0  9 2 . 0  1 2 . 4  8 3 . 5  1 . 7  
4 2  1  2  1  2  3  0 . 0 9 0  0 . 9 0 0  9 2 . 0  2 0 . 4  9 1 . 7  2  .  1  
4 3  1  2  1  3  1  0 . 1 1 0  0 . 9 9 0  9 0 . 3  1 2 . 4  5 7 . 4  1 . 2  
4 4  1  2  1  3  2  0 . 0 9 0  0 . 9 1 0  9 2 . 0  1 9 . 5  1 0 2 . 9  2  ,  7  
4 5  1  2  1  3  3  0 . 0 9 0  0 . 6 6 0  9 2 . 0  4 1 . 6  1 0 3 . 2  7 . 1  
4 6  1  2  1  4  1  0 . 1 3 0  8 8 . 5  9 1 . 0  
4 7  1  2  1  4  2  0 . 1 3 0  8 8 . 5  7 4 . 0  
4 8  1  2  1  4  3  0 . 1 7 0  8 5 . 0  8 2  .  5  
4 9  1  2  2  1  1  0 . 0 5 0  0 . 8 6 0  9 5 .  6  2 3 . 9  3 8 , 0  5 , 0  
5 0  1  2  2  1  2  0 . 0 6 0  0 . 9 0 0  9 4 . 7  2 0 . 4  4 8 . 9  6 , 1  
5 1  1  2  2  1  3  0 . 0 5 0  0 . 8 3 0  9 5 . 6  2 6 . 5  7 7 . 2  7 , 3  
5 2  1  2  2  2  1  0 . 0 7 0  0 . 6 8 0  9 3 . 8  3 9 . 8  6 9  ,  6  8 . 8  
5 3  1  2  2  2  2  0 . 0 7 0  0 . 8 2 0  9 3 . 8  2 7 . 4  5 8 . 8  5 . 4  
5 4  1  2  2  2  3  0 . 0 5 0  0 . 7 9 0  9 5 . 6  3 0 . 1  7 4 . 8  5 . 0  
5 5  1  2  2  3  1  0 . 0 9 0  0 . 8 4 0  9 2 . 0  2 5 . 7  5 4 . 5  3  .  0  
5 6  1  2  2  3  2  0 . 0 6 0  1 . 0 3 0  9 4 . 7  8 . 8  7 9 . 9  1 . 6  
5 7  1  2  2  3  3  0 . 0 7 0  0 . 9 5 0  9 3 . 8  1 5 . 9  1 1 1 . 4  2 . 2  
5 8  1  2  2  4  1  0 . 1 1 0  9 0 . 3  9 8 . 2  
5 9  1  2  2  4  2  0 . 1 5 0  8 6 . 7  7 4 , 0  
6 0  1  2  2  4  3  0 . 1 0 0  9 1 . 2  9 8 . 7  
6 1  1  2  3  1  1  0 . 0 9 0  0 . 7 7 0  9 2 . 0  3 1 . 9  1 9 . 1  7 . 5  
6 2  1  2  3  1  2  0 . 0 8 0  0 . 9 1 0  9 2 . 9  1 9 . 5  1 9 , 2  4 . 7  
6 3  1  2  3  1  3  0 . 0 8 0  0 . 7 3 0  9 2 . 9  3 5 . 4  1 3  .  6  8  ,  3  
6 4  1  2  3  2  1  0 . 0 9 0  1 . 1 0 0  9 2 . 0  2 . 7  2 0 . 3  0 , 5  
6 5  1  2  3  2  2  0 . 0 6 0  0 . 9 6 0  9 4 . 7  1 5 . 0  3 4 . 2  2  .  0  
6 6  1  2  3  2  3  0 . 0 9 0  1 . 1 5 0  9 2 . 0  0 . 0  2 3 . 5  0 . 0  
6 7  1  2  3  3  1  0 . 0 9 0  0 . 8 3 0  9 2 . 0  2 6 . 5  2 0 . 0  4 . 4  
6 8  1  2  3  3  2  0 . 0 7 0  1 . 0 4 0  9 3 . 8  8  .  0  2 4 . 1  1 . 3  
6 9  1  2  3  3  3  0 . 0 7 0  0 . 9 7 0  9 3 . 8  1 4  .  2  2 2 . 4  1 , 5  
7 0  1  2  3  4  1  0 . 1 0 0  9 1 . 2  4 7 . 2  
7 1  1  2  3  4  2  0 . 1 3 0  8 8 , 5  4 4 .  1  
7 2  1  2  3  4  3  0 . 1 3 0  8 8 . 5  5 5 . 5  
7 3  1  3  1  1  1  0 . 0 3 0  0 . 3 2 4  9 2 . 1  1 4 . 8  1 1 . 1  0 , 4  
7 4  1  3  1  1  2  0 . 0 3 0  0 . 3 4 0  9 2 . 1  1 0 . 5  1 4 . 2  0 .  6  
7 5  1  3  1  1  3  0 . 0 3 0  0 . 3 3 0  9 2 , 1  1 3 . 2  4 5 . 0  1 . 1  
7 6  1  3  1  2  1  0 . 0 3 0  0 . 3 6 0  9 2 . 1  5 . 3  2 6 . 8  0 . 3  
7 7  1  3  1  2  2  0 . 0 2 0  0 . 2 9 0  9 4 . 7  2 3 . 7  3 5 . 3  2 . 8  
7 8  1  3  1  2  3  0 . 0 2 0  0 . 2 7 0  9 4 . 7  2 8 . 9  7 , 2  1 , 1  
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7 9  1  3  1  3  1  0 . 0 3 0  0 . 3 5 7  9 2 . 1  6 . 1  1 4 . 9  0 . 2  
8 0  1  3  1  3  2  0 . 0 3 0  0 . 3 1 0  9 2 . 1  1 8 . 4  4 0 . 8  1 . 1  
8 1  1  3  1  3  3  0 .  0 3 0  0 . 2 3 2  9 2 . 1  3 8 . 9  5 6 .  3  2 . 1  
8 2  1  3  1  4  1  0 . 0 4 0  8 9 . 5  5 1 . 3  
8 3  1  3  1  4  2  0 . 0 4 0  8 9 . 5  4 4 . 9  
8 4  1  3  1  4  3  0 . 0 6 0  8 4 . 2  5 4 . 5  
8 5  1  3  2  1  1  0 . 0 2 0  0 . 2 1 0  9 4 . 7  4 4 . 7  4 1 . 7  2  .  0  
8 6  1  3  2  1  2  0 . 0 2 0  0 . 2 8 0  9 4 . 7  2 6 . 3  4 1 . 5  1 . 3  
8 7  1  3  2  1  3  0 . 0 2 0  0 . 2 6 0  9 4 . 7  3 1 . 6  3 2 . 5  1 . 8  
8 8  1  3  2  2  1  0 . 0 2 0  0 . 2 8 0  9 4 . 7  2 6 . 3  2 0 . 8  2 . 2  
8 9  1  3  2  2  2  0 . 0 2 0  0 . 2 1 5  9 4 . 7  4 3 . 4  2 3 . 9  2  .  8  
9 0  1  3  2  2  3  0 . 0 2 0  0 . 2 4 0  9 4 . 7  3 6 . 8  2 7 . 4  2 . 9  
9 1  1  3  2  3  1  0 . 0 2 0  0 . 2 4 1  9 4 . 7  3 6 . 7  3 2 . 8  1 . 1  
9 2  1  3  2  3  2  0 . 0 2 0  0 . 3 3 0  9 4 . 7  1 3  . 2  4 4 . 1  0 . 5  
9 3  1  3  2  3  3  0 . 0 2 0  0 . 4 1 0  9 4 . 7  0 . 0  4 6 . 1  0 . 0  
9 4  1  3  2  4  1  0 . 0 3 0  9 2 . 1  5 1 . 6  
9 5  1  3  2  4  2  0 . 0 4 0  8 9 . 5  3 6 . 9  
9 6  1  3  2  4  3  0 . 0 3 0  9 2 . 1  5 4 . 0  
9 7  1  3  3  1  1  0 . 0 2 0  0 . 2 2 0  9 4 . 7  4 2 . 1  1 5 . 1  4 . 1  
9 8  1  3  3  1  2  0 . 0 2 0  0 . 2 7 0  9 4 . 7  2 9 . 0  6 . 9  0 . 7  
9 9  1  3  3  1  3  0 . 0 2 0  0 . 3 2 0  9 4 . 7  1 5 . 8  2 1 . 2  1 . 1  
1 0 0  1  3  3  2  1  0 . 0 1 0  0 . 2 9 8  9 7 . 4  2 1 . 7  2 5 . 1  0 . 6  
1 0 1  1  3  3  2  2  0 . 0 2 0  0 . 2 6 0  9 4 . 7  3 1 . 6  2 3 . 2  2 . 2  
1 0 2  1  3  3  2  3  0 . 0 2 0  0 . 2 4 0  9 4 . 7  3 6 . 8  1 3  .  0  4  .  0  
1 0 3  1  3  3  3  1  0 . 0 2 0  0 . 2 2 0  9 4 . 7  4 2 . 1  2 6 . 9  3 . 7  
1 0 4  1  3  3  3  2  0 . 0 2 0  0 . 2 9 0  9 4 . 7  2 3 . 7  1 9 . 2  1 . 2  
1 0 5  1  3  3  3  3  0 . 0 2 0  0 . 3 2 0  9 4 . 7  1 5 . 8  1 5 . 2  0 . 9  
1 0 6  1  3  3  4  1  0 . 0 3 0  9 2 . 1  3 6 . 9  
1 0 7  1  3  3  4  2  0 . 0 3 0  9 2 . 1  5 5 .  3  
1 0 8  1  3  3  4  3  0 . 0 4 0  8 9 . 5  4 1 . 2  
1 0 9  1  4  1  1  1  0 . 0 9 8  0 . 2 8 0  7 1 . 9  2 0 . 0  1 . 6  5 . 1  
1 1 0  1  4  1  1  2  0 . 1 7 6  0 . 2 2 0  4 9 . 6  3 7 . 1  2 . 8  1 8 . 9  
1 1 1  1  4  1  1  3  0 . 1 3 4  0 . 3 3 0  6 1 . 7  5 . 7  2  . 1  1 . 7  
1 1 2  1  4  1  2  1  0 . 0 9 0  0 . 2 8 0  7 4 . 3  2 0 . 0  5 . 0  6 . 5  
1 1 3  1  4  1  2  2  0 . 0 7 7  0 . 2 8 0  7 7 . 9  2 0 . 0  4 . 0  4 . 3  
1 1 4  1  4  1  2  3  0 . 0 9 0  0 . 2 1 0  7 4 . 3  4 0 . 0  1 5 . 9  1 3  .  2  
1 1 5  1  4  1  3  1  0 . 1 6 4  0 . 2 6 0  5 3 . 1  2 5 . 7  1 . 9  1 0 . 4  
1 1 6  1  4  1  3  2  0 . 1 0 0  0 . 2 2 0  7 1 . 4  3 7 . 1  6 . 4  1 0 . 7  
1 1 7  1  4  1  3  3  0 . 1 3 5  0 . 2 1 0  6 1 . 5  4 0 . 0  3 . 7  1 3 . 6  
1 1 8  1  4  1  4  1  0 . 1 2 0  0 . 2 7 8  6 5 . 7  2 0 . 7  2 2 . 8  0 . 6  
1 1 9  1  4  1  4  2  0 . 1 1 0  0 . 1 5 0  6 8 . 6  5 7  .  1  1 8 . 6  8  .  2  
1 2 0  1  4  1  4  3  0 . 1 3 0  0 . 1 4 0  6 2 . 9  6 0 . 0  1 . 2  1 0 .  0  
1 2 1  1  4  2  1  1  0 . 0 9 0  0 . 2 8 0  7 4 . 3  2 0 . 0  1 9  .  4  6 . 3  
1 2 2  1  4  2  1  2  0 . 0 6 0  0 . 3 1 0  8 2 . 9  1 1 . 4  3 2 . 9  4  .  6  
1 2 3  1  4  2  1  3  0 . 0 8 0  0 . 3 1 0  7 7 . 1  1 1 . 4  2 9 . 5  6 . 3  
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O B S  N  H  M  P  R  A T E X L  A T E X F  N d f a  N t d f a  L N F I X  F N F I X  
1 2 4  1  4  2  2  1  0 . 0 8 0  0 . 2 6 0  7 7 . 1  2 5 . 7  1 7 . 9  9 . 8  
1 2 5  1  4  2  2  2  0 . 1 0 0  0 . 2 7 0  7 1 . 4  2 2 . 9  3 6 . 6  6 . 3  
1 2 6  1  4  2  2  3  0 . 1 1 0  0 . 2 7 0  6 8 . 6  2 2 . 9  5 2 . 5  3 . 4  
1 2 7  1  4  2  3  1  0 . 0 7 0  0 . 3 2 0  8 0 . 0  8 . 6  2 2 . 3  1 . 8  
1 2 8  1  4  2  3  2  0 . 0 7 0  0 . 2 2 0  8 0 . 0  3 7 . 1  2 1 . 7  1 0 . 3  
1 2 9  1  4  2  3  3  0 . 0 6 0  0 . 2 5 0  8 2 . 9  2 8 . 6  4 2 . 4  1 0 . 0  
1 3 0  1  4  2  4  1  0 . 0 9 0  0 . 2 4 0  7 4 . 3  3 1 . 4  4 6 . 6  0 . 3  
1 3 1  1  4  2  4  2  0 . 1 2 0  0 . 2 8 8  6 5 . 7  1 7 . 7  3 5 . 8  0 . 4  
1 3 2  1  4  2  4  3  0 . 1 4 0  0 . 1 8 0  6 0 . 0  4 8 . 6  4 8 . 3  3 . 0  
1 3 3  1  4  3  1  1  0 . 0 7 3  0 . 3 7 0  7 9 . 1  0 . 0  1 . 3  0 . 0  
1 3 4  1  4  3  1  2  0 . 0 6 0  0 . 3 3 0  8 2 . 9  5 . 7  1 1 . 4  2  .  3  
1 3 5  1  4  3  1  3  0 . 0 6 0  0 . 3 5 0  8 2 . 7  0 . 0  7 . 5  0 . 0  
1 3 6  1  4  3  2  1  0 . 0 7 0  0 . 2 6 0  8 0 . 0  2 5 . 7  1 1 . 9  1 0 . 2  
1 3 7  1  4  3  2  2  0 . 0 5 1  0 . 4 1 0  8 5 . 4  0 . 0  3 . 0  0 . 0  
1 3 8  1  4  3  2  3  0 . 0 4 0  0 . 3 2 0  8 8 . 6  8  .  6  1 4 . 8  4  . 1  
1 3 9  1  4  3  3  1  0 . 1 0 0  0 . 2 8 0  7 1 . 4  2 0 . 0  1 6 . 8  5 . 7  
1 4 0  1  4  3  3  2  0 . 0 9 0  0 . 3 6 0  7 4 . 3  0 . 0  4  .  5  0 . 0  
1 4 1  1  4  3  3  3  0 . 0 7 0  0 . 2 8 0  8 0 . 0  2 0 . 0  8  .  8  6 . 1  
1 4 2  1  4  3  4  1  0 . 0 8 0  0 . 1 7 0  7 7 . 1  5 1 . 4  2 8 .  6  6 . 5  
1 4 3  1  4  3  4  2  0 . 1 1 0  0 . 2 0 0  6 8 . 6  4 2 . 9  2 4 . 4  3  .  1  
1 4 4  1  4  3  4  3  0 . 1 0 0  0 . 1 5 0  7 1 . 4  5 7 . 1  2 5 . 9  2  . 1  
1 4 5  1  5  1  1  1  0 . 1 1 5  0 .  8 0 8  8 7 . 7  1 4 . 1  4 . 9  3  .  6  
1 4 6  1  5  1  1  2  0 . 0 6 0  0 . 6 4 1  9 3 . 6  3 1 . 8  0 . 9  1 0 . 7  
1 4 7  1  5  1  1  3  0 . 1 5 1  0 . 8 8 6  8 3 . 9  5 . 7  6 . 0  1 . 0  
1 4 8  1  5  1  2  1  0 . 0 8 8  0 . 7 8 7  9 0 . 7  1 6 . 3  0 . 1  4  .  3  
1 4 9  1  5  1  2  2  0 . 1 7 9  0 . 9 1 0  8 1 . 0  3 . 2  1 . 1  1 . 1  
1 5 0  1  5  1  2  3  0 . 2 1 2  0 . 6 9 5  7 7 . 4  2 6 . 0  7 . 3  6 , 0  
1 5 1  1  5  1  3  1  0 . 2 2 1  0 . 7 5 9  7 6 . 5  1 9 . 3  0 . 1  6 . 5  
1 5 2  1  5  1  3  2  0 . 1 2 5  0 . 7 4 8  8 6 . 7  2 0 . 4  0 . 1  6 . 4  
1 5 3  1  5  1  3  3  0 . 1 1 0  0 . 4 7 0  8 8 . 3  5 0 . 0  1 9 . 3  2 0 . 2  
1 5 4  1  5  1  4  1  0 . 2 4 7  0 . 4 3 2  7 3 . 7  5 4 . 0  4 1 . 4  3 . 0  
1 5 5  1  5  1  4  2  0 . 2 0 0  0 . 5 2 0  7 8 . 7  4 4 . 7  1 1 . 1  1 1 . 1  
1 5 6  1  5  1  4  3  0 . 2 9 9  0 . 4 5 5  6 8 . 2  5 1 . 6  6 . 8  8 . 3  
1 5 7  1  5  2  1  1  0 . 1 8 5  0 . 8 4 3  8 0 . 3  1 0 . 3  1 8 . 2  2 . 3  
1 5 8  1  5  2  1  2  0 . 1 4 8  0 . 7 8 7  8 4 . 3  1 6 . 3  1 0 . 0  5 . 9  
1 5 9  1  5  2  1  3  0 . 0 8 0  0 . 6 3 0  9 1 . 5  3 3  .  0  2 6 . 5  1 2  .  0  
1 6 0  1  5  2  2  1  0 . 2 1 8  0 . 8 4 1  7 6 . 9  1 0 . 6  2 7 . 6  1 . 6  
1 6 1  1  5  2  2  2  0 . 1 8 0  0 . 7 3 0  8 0 . 9  2 2 . 3  3 3 . 2  4 . 0  
1 6 2  1  5  2  2  3  0 . 2 2 5  0 . 7 0 6  7 6 . 0  2 4 . 9  1 3  .  7  3  .  0  
1 6 3  1  5  2  3  1  0 . 0 9 0  0 . 7 1 0  9 0 . 4  2 4 . 5  1 8 . 5  6 . 0  
1 6 4  1  5  2  3  2  0 . 1 7 1  0 .  6 2 1  8 1 . 8  3 4  .  0  2 3 .  6  1 0 .  4  
1 6 5  1  5  2  3  3  0 . 2 5 1  0 . 7 4 5  7 3 . 3  2 0 . 7  4 0 . 5  4  .  6  
1 6 6  1  5  2  4  1  0 . 4 1 9  0 . 6 6 1  5 5 . 4  2 9 . 7  2 9 . 9  0 . 9  
1 6 7  1  5  2  4  2  0 . 2 8 9  0 . 6 2 8  6 9 . 2  3 3  .  1  1 4  .  2  1 . 9  
1 6 8  1  5  2  4  3  0 . 2 0 0  0 . 4 6 0  7 8 . 7  5 1 . 1  3 2 . 6  5 . 1  
1 7 3  
1 7 4  
1 7 5  
1 7 6  
1 7 7  
1 7 8  
1 7 9  
180 
181 
182 
1 8 3  
1 8 4  
1 8 5  
186 
1 8 7  
188 
1 8 9  
1 9 0  
1 9 1  
1 9 2  
1 9 3  
1 9 4  
1 9 5  
1 9 6  
1 9 7  
1 9 8  
1 9 9  
200  
201 
202  
2 0 3  
2 0 4  
2 0 5  
206 
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N  H  M  P  R  A T E X L  A T E X F  N d f a  N t d f a  L N F I X  
1  5  3  1  1  0 . 0 8 8  0 . 9 9 4  9 0 . 7  0 . 0  0 . 1  
1  5  3  1  2  0 . 0 8 1  0 . 7 8 6  9 1 . 4  1 6 . 4  2 . 0  
1  5  3  1  3  0 . 1 2 0  0 . 6 5 0  8 7 . 3  3 0 . 9  0 . 3  
1  5  3  2  1  0 . 0 8 0  0 . 6 6 0  9 1 . 5  2 9 . 8  3 . 9  
1  5  3  2  2  0 . 0 5 0  0 . 8 4 3  9 4 . 7  1 0 . 3  4 . 9  
1  5  3  2  3  0 . 1 1 7  0 .  6 6 8  8 7 . 6  2 8 . 9  2 . 5  
1  5  3  3  1  0 . 1 0 6  0 . 8 5 1  8 8 . 7  9 . 5  1 . 9  
1  5  3  3  2  0 . 1 4 9  0 . 7 3 7  8 4 . 1  2 1 . 6  1 . 8  
1  5  3  3  3  0 . 1 3 3  0 . 9 2 9  8 5 . 9  1 . 2  2 . 4  
1  5  3  4  1  0 . 2 5 0  0 . 5 2 0  7 3 . 4  4 4 . 7  1 9 . 6  
1  5  3  4  2  0 . 1 9 5  0 . 4 8 0  7 9 . 2  4 8 . 9  0 . 3  
1  5  3  4  3  0 . 3 4 0  0 . 4 7 3  6 3 . 8  4 9 . 7  0 . 5  
1  6  1  1  1  0 . 0 7 0  1 . 2 7 0  9 5 . 0  9 . 9  5 . 1  
1  6  1  1  2  0 . 0 8 5  0 . 8 5 0  9 4 . 0  3 9 . 7  1 . 8  
1  6  1  1  3  0 . 0 6 0  1 . 1 5 0  9 5 . 7  1 8 . 4  2 2 . 7  
1  6  1  2  1  0 . 1 1 0  1 . 5 7 0  9 2 . 2  0 . 0  0 . 8  
1  6  1  2  2  0 . 1 7 5  0 . 9 6 0  8 7 . 6  3 1 . 9  2 . 3  
1  6  1  2  3  0 . 0 6 0  0 . 8 0 0  9 5 . 7  4 3 . 3  2 9  . 8  
1  6  1  3  1  0 . 1 3 5  0 . 9 6 0  9 0 . 4  3 1 . 9  1 . 6  
1  6  1  3  2  0 . 1 1 0  0 . 9 1 0  9 2 . 2  3 5 . 5  0 . 8  
1  6  1  3  3  0 . 0 9 0  0 . 9 5 0  9 3 . 6  3 2 . 6  3 2 . 6  
1  6  1  4  1  0 . 1 7 0  0 . 5 0 0  8 7 . 9  6 4 . 5  6 0 . 7  
1  6  1  4  2  0 . 1 0 0  0 . 4 6 0  9 2 . 9  6 7 . 4  3 6 . 7  
1  6  1  4  3  0 . 1 8 0  0 . 5 2 0  8 7 . 2  6 3  . 1  2 2  .  6  
1  6  2  1  1  0 . 0 5 0  1 . 2 5 0  9 6 . 5  1 1 .  3  2 6 . 5  
1  6  2  1  2  0 . 0 7 0  0 . 9 4 0  9 5 . 0  3 3  .  3  1 0 . 9  
1  6  2  1  3  0 . 0 8 0  0 . 9 9 0  9 4 . 3  2 9 . 8  2 6 . 7  
1  6  2  2  1  0 . 1 0 0  0 .  8 0 0  9 2 . 9  4 3 . 3  2 6 . 5  
1  6  2  2  2  0 . 0 9 0  0 . 8 6 0  9 3  .  6  3 9 . 0  4 5 . 6  
1  6  2  2  3  0 . 1 1 0  0 . 8 8 0  9 2 . 2  3 7 . 6  2 3 . 7  
1  6  2  3  1  0 . 1 2 0  1 . 3 1 0  9 1 . 5  7 . 1  2 7 . 4  
1  6  2  3  2  0 . 1 1 0  1 . 0 4 0  9 2 . 2  2 6 . 2  3 1 . 4  
1  6  2  3  3  0 .  1 2 0  0 . 7 7 0  9 1 . 5  4 5 . 4  3 6 . 7  
1  6  2  4  1  0 . 2 0 0  0 . 5 4 5  8 5 . 8  6 1 . 3  4 3  . 8  
1  6  2  4  2  0 . 1 7 0  0 . 6 4 0  8 7 . 9  5 4 . 6  4 4 . 2  
1  6  2  4  3  0 .  1 8 0  0 . 5 2 0  8 7 . 2  6 3  . 1  3 9  .  1  
1  6  3  1  1  0 . 1 2 5  1 . 2 5 0  9 1 . 1  1 1 .  3  1 . 4  
1  6  3  1  2  0 . 1 2 6  1 . 0 0 0  9 1 . 0  2 9 . 1  2 . 8  
1  6  3  1  3  0 . 1 7 3  1 . 3 4 0  8 7 . 8  5 . 0  0 . 5  
1  6  3  2  1  0 . 0 6 0  1 . 1 8 0  9 5 . 7  1 6 . 3  1 0 . 6  
1  6  3  2  2  0 . 1 1 8  1 . 2 3 0  9 1 . 6  1 2 . 8  0 . 5  
1  6  3  2  3  0 . 1 5 5  1 . 0 5 0  8 9 .  0  2 5 . 5  4 . 4  
1  6  3  3  1  0 . 1 1 8  1 . 1 0 0  9 1 . 7  2 2 . 0  3 . 2  
1  6  3  3  2  0 . 1 3 6  0 . 8 8 0  9 0 . 4  3 7 . 6  2  .  0  
1  6  3  3  3  0 . 0 9 0  0 . 9 4 0  9 3 . 6  3 3 . 3  5 . 8  
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O B S  N  H  M  P  R  A T E X L  A T E X F  N d f a  N t d f a  L N F I X  F N F I X  
2 1 4  1  6  3  4  1  0 . 1 9 0  0 . 8 3 0  8 6 . 5  4 1 . 1  2 5 . 2  5 . 5  
2 1 5  1  6  3  4  2  0 . 1 2 0  0 . 9 5 0  9 1 . 5  3 2 . 6  1 0 . 5  4 . 8  
2 1 6  1  6  3  4  3  0 . 1 0 0  0 . 7 8 7  9 2 . 9  4 4 . 2  9 . 6  2 . 1  
2 1 7  1  7  1  1  1  0 . 1 7 5  1 . 0 5 2  8 5 . 7  1 3 . 7  3 3 . 7  3 . 5  
2 1 8  1  7  1  1  2  0 . 1 1 8  0 . 7 8 8  9 0 . 3  3 5 . 4  1 9 . 2  3  .  0  
2 1 9  1  7  1  1  3  0 . 1 8 6  0 . 8 6 8  8 4 . 8  2 8 . 8  4 1 . 3  6 . 6  
2 2 0  1  7  1  2  1  0 . 1 3 2  1 . 1 6 5  8 9 . 1  4 . 5  2 0 . 8  0 . 8  
2 2 1  1  7  1  2  2  0 . 0 8 5  0 . 9 7 0  9 3 . 0  2 0 . 5  4 2 . 1  5 . 7  
2 2 2  1  7  1  2  3  0 . 0 8 5  0 . 8 6 1  9 3 . 0  2 9 . 5  4 8 . 5  8 . 3  
2 2 3  1  7  1  3  1  0 . 1 3 2  0 . 9 6 5  8 9 . 2  2 0 . 9  3 1 . 0  4 . 2  
2 2 4  1  7  1  3  2  0 . 2 3 1  0 . 7 6 9  8 1 . 1  3 7 . 0  2 1 . 8  8 . 8  
2 2 5  1  7  1  3  3  0 . 1 5 1  0 . 6 9 6  8 7 . 6  4 2 . 9  4 3 . 3  1 5 . 5  
2 2 6  1  7  1  4  1  0 . 2 5 1  0 . 7 0 9  7 9 . 4  4 1 . 9  7 9 . 4  0 . 3  
2 2 7  1  7  1  4  2  0 . 2 2 4  0 . 8 1 7  8 1 . 6  3 3 . 0  6 2 . 5  5 . 1  
2 2 8  1  7  1  4  3  0 . 2 7 6  0 . 5 8 4  7 7 . 4  5 2 . 1  7 0 . 6  2 . 7  
2 2 9  1  7  2  1  1  0 . 2 4 1  0 . 7 7 7  8 0 . 2  3 6 . 3  9 9 . 1  8 . 2  
2 3 0  1  7  2  1  2  0 . 2 8 4  0 . 8 1 5  7 6 . 7  3 3 . 2  6 8 . 1  1 0 .  0  
2 3 1  1  7  2  1  3  0 . 1 8 2  0 . 5 5 3  8 5 . 0  5 4 . 7  6 9 . 5  1 4 . 2  
2 3 2  1  7  2  2  1  0 . 2 5 1  0 . 6 7 4  7 9 . 5  4 4 . 8  7 2 . 9  6 . 7  
2 3 3  1  7  2  2  2  0 . 2 0 9  0 . 9 9 7  8 2 . 9  1 8 . 3  6 8 . 7  3  .  3  
2 3 4  1  7  2  2  3  0 . 2 8 3  1 . 0 5 9  7 6 . 8  1 3 . 2  9 1 . 0  1 . 3  
2 3 5  1  7  2  3  1  0 . 2 4 0  0 . 7 3 6  8 0 . 3  3 9 . 7  7 2 . 5  3 . 7  
2 3 6  1  7  2  3  2  0 . 3 0 0  1 . 1 5 8  7 5 . 4  5 . 1  8 1 . 3  0 . 7  
2 3 7  1  7  2  3  3  0 . 2 7 0  0 . 7 9 1  7 7 . 9  3 5 . 1  5 2 . 0  4 . 2  
2 3 8  1  7  2  4  1  0 . 2 3 1  1 . 0 2 7  8 1 . 1  1 5 . 8  9 3 . 5  0 . 1  
2 3 9  1  7  2  4  2  0 . 2 1 0  0 . 6 1 8  8 2 . 8  4 9 . 3  7 7 . 1  1 . 8  
2 4 0  1  7  2  4  3  0 . 1 9 3  0 .  5 4 3  8 4 . 2  5 5 . 5  8 9 . 6  1 . 6  
2 4 1  1  7  3  1  1  0 . 1 4 0  0 . 8 4 2  8 8 . 5  3 1 . 0  3 . 5  4  .  7  
2 4 2  1  7  3  1  2  0 . 4 1 1  1 . 2 5 5  6 6 . 3  0 . 0  1 4 . 4  0 .  0  
2 4 3  1  7  3  1  3  0 . 0 8 4  0 . 9 5 1  9 3 . 1  2 2 . 0  9 . 6  5 . 7  
2 4 4  1  7  3  2  1  0 . 0 8 5  0 . 9 6 9  9 3 .  0  2 0 . 6  3 3 . 5  4 . 7  
2 4 5  1  7  3  2  2  0 . 2 2 6  0 . 9 2 5  8 1 . 5  2 4 . 2  7 . 1  3  .  8  
2 4 6  1  7  3  2  3  0 . 1 0 5  0 . 8 6 5  9 1 . 4  2 9 . 1  1 8 . 4  5 . 9  
2 4 7  1  7  3  3  1  0 . 1 0 0  0 . 8 1 5  9 1 . 8  3 3 . 2  2 5 . 2  7 . 5  
2 4 8  1  7  3  3  2  0 . 2 4 7  1 . 0 4 7  7 9 . 7  1 4 . 2  2 5 . 4  3 . 8  
2 4 9  1  7  3  3  3  0 . 4 0 8  1 . 2 0 5  6 6 . 5  1 . 2  2 2 . 7  0 . 3  
2 5 0  1  7  3  4  1  0 . 1 4 8  0 . 8 2 7  8 7 . 9  3 2 . 2  8 4 . 9  3  .  6  
2 5 1  1  7  3  4  2  0 . 1 6 7  0 . 8 2 4  8 6 . 3  3 2 . 4  2 4 . 5  5 . 4  
2 5 2  1  7  3  4  3  0 . 2 2 5  0 . 8 3 1  8 1 . 6  3 1 . 9  5 1 . 2  5 . 0  
2 5 3  1  8  1  1  1  0 . 0 0 9  0 . 3 6 4  9 8 .  3  3 2 . 2  6 5 . 1  5 . 9  
2 5 4  1  8  1  1  2  0 . 0 0 7  0 . 2 5 4  9 8 . 7  5 2 . 7  3 9 . 7  1 3  .  7  
2 5 5  1  8  1  1  3  0 . 0 1 5  0 . 3 6 6  9 7 . 2  3 1 . 8  7 3 . 8  4  .  3  
2 5 6  1  8  1  2  1  0 . 0 1 4  0 . 6 4 0  9 7 . 4  0 . 0  6 1 . 7  0 .  0  
2 5 7  1  8  1  2  2  0 . 0 0 7  0 . 3 4 0  9 8 . 7  3 6 . 7  3 3 . 9  5 . 1  
2 5 8  1  8  1  2  3  0 .  O i l  0 . 2 9 1  9 8 . 0  4 5 . 8  6 0 . 7  6 . 1  
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2 5 9  1  8  1  3  1  0 . 0 0 9  0 . 3 6 6  9 8 . 3  3 1 . 8  6 1 . 9  4 . 7  
2 6 0  1  8  1  3  2  0 . 0 1 2  0 . 2 9 6  9 7 . 8  4 4 . 9  4 2 . 9  3 . 5  
2 6 1  1  8  1  3  3  0 . 0 1 5  0 . 1 9 6  9 7 . 2  6 3 . 5  4 0 . 6  1 1 . 8  
2 6 2  1  8  1  4  1  0 . 0 5 3  0 . 1 7 0  9 0 . 1  6 8 . 3  7 3 . 9  0 . 8  
2 6 3  1  8  1  4  2  0 . 0 3 1  0 . 2 1 2  9 4 . 2  6 0 . 5  7 0 . 9  9 . 5  
2 6 4  1  8  1  4  3  0 . 0 5 4  0 . 1 2 8  8 9 . 9  7 6 . 2  8 2 . 2  2  .  2  
2 6 5  1  8  2  1  1  0 . 0 1 0  0 . 2 9 9  9 8 . 1  4 4 . 3  9 3 . 0  6 . 4  
2 6 6  1  8  2  1  2  0 . 0 0 7  0 . 2 7 5  9 8 . 7  4 8 . 8  8 1 . 7  7 . 1  
2 6 7  1  8  2  1  3  0 . 0 1 5  0 . 1 8 0  9 7 . 2  6 6 . 5  7 4 . 8  1 4 . 3  
2 6 8  1  8  2  2  1  0 . 0 1 7  0 . 1 6 5  9 6 . 8  6 9 . 3  8 2 . 5  7 . 0  
2 6 9  1  8  2  2  2  0 . 0 2 2  0 . 3 6 2  9 5 . 9  3 2 . 6  6 4  . 1  4 . 3  
2 7 0  1  8  2  2  3  0 . 0 3 1  0 . 3 7 0  9 4 . 2  3 1 . 1  8 1 . 1  3 . 5  
2 7 1  1  8  2  3  1  0 . 0 2 3  0 . 2 2 5  9 5 . 7  5 8 . 1  7 4 . 4  9 . 4  
2 7 2  1  8  2  3  2  0 . 0 1 8  0 . 2 8 0  9 6 . 6  4 7 . 9  8 7 . 5  8 . 6  
2 7 3  1  8  2  3  3  0 . 0 1 2  0 . 2 1 9  9 7 . 8  5 9 . 2  9 8 . 1  8 . 1  
2 7 4  1  8  2  4  1  0 . 0 4 3  0 . 1 4 5  9 2 . 0  7 3 . 0  8 7 . 8  2 . 7  
2 7 5  1  8  2  4  2  0 . 0 3 8  0 . 2 2 7  9 2 . 9  5 7 . 7  4 6 . 0  4 . 0  
2 7 6  1  8  2  4  3  0 . 0 3 4  0 . 1 8 6  9 3 . 7  6 5 . 4  9 8 . 0  0 . 5  
2 7 7  1  8  3  1  1  0 . 0 0 6  0 . 4 5 3  9 8 . 9  1 5 . 6  2 6 . 1  2  .  0  
2 7 8  1  8  3  1  2  0 .  0 0 8  0 . 3 5 5  9 8 . 5  3 3 . 9  4 6 . 6  7 . 4  
2 7 9  1  8  3  1  3  0 . 0 0 7  0 . 3 5 0  9 8 . 7  3 4 . 8  8 0 . 3  7 . 4  
2 8 0  1  8  3  2  1  0 . 0 0 9  0 . 3 3 1  9 8 . 3  3 8 . 4  7 2 . 8  4  .  6  
2 8 1  1  8  3  2  2  0 . 0 0 8  0 . 3 2 1  9 8 . 5  4 0 . 2  2 6 . 7  4 . 8  
2 8 2  1  8  3  2  3  0 . 0 0 6  0 . 3 2 0  9 8 . 9  4 0 . 4  6 2 . 4  6 . 9  
2 8 3  1  8  3  3  1  0 . 0 0 8  0 . 3 7 6  9 8 . 5  3 0 . 0  5 1 . 0  5 . 4  
2 8 4  1  8  3  3  2  0 . 0 0 9  0 . 4 4 3  9 8 . 3  1 7 . 5  6 5 . 7  3  . 1  
2 8 5  1  8  3  3  3  0 . 0 0 6  0 . 4 3 8  9 8 . 9  1 8 . 4  5 9 . 8  3  .  0  
2 8 6  1  8  3  4  1  0 . 0 3 9  0 . 2 8 4  9 2 . 7  4 7 . 1  1 1 7 . 7  3  .  0  
2 8 7  1  8  3  4  2  0 . 0 3 8  0 . 2 1 6  9 2 . 9  5 9 . 8  6 8 . 1  7 . 4  
2 8 8  1  8  3  4  3  0 . 0 2 7  0 . 1 5 3  9 5 . 0  7 1 . 5  8 4 . 4  1 0 . 8  
2 8 9  1  9  1  1  1  0 . 3 0 1  5 2 . 9  7 . 2  
2 9 0  1  9  1  1  2  0 . 3 4 5  4 6 . 1  6 . 8  
2 9 1  1  9  1  1  3  0 . 3 4 6  4 5 . 9  1 0 . 7  
2 9 2  1  9  1  2  1  0 . 3 2 6  4 9 . 0  5 . 9  
2 9 3  1  9  1  2  2  0 . 3 9 4  3 8 . 4  9 . 2  
2 9 4  1  9  1  2  3  0 . 2 5 9  5 9 . 6  1 1 . 6  
2 9 5  1  9  1  3  1  0 . 2 8 0  5 6 . 3  1 2 . 2  
2 9 6  1  9  1  3  2  0 . 3 4 9  4 5 . 5  7 . 8  
2 9 7  1  9  1  3  3  0 . 3 3 1  4 8 . 3  1 3  . 1  
2 9 8  1  9  1  4  1  0 . 2 7 3  5 7 . 4  0 . 6  
2 9 9  1  9  1  4  2  0 . 3 4 1  4 6 . 7  4 . 5  
3 0 0  1  9  1  4  3  0 . 2 8 0  5 6 . 3  1 . 4  
3 0 1  1  9  2  1  1  0 . 1 1 4  0 . 2 8 9  8 2 . 2  5 4 . 8  1 4 . 4  7 . 0  
3 0 2  1  9  2  1  2  0 . 2 3 2  0 . 4 1 4  6 3 . 8  3 5 . 4  1 4  .  6  3  .  2  
3 0 3  1  9  2  1  3  0 . 1 4 2  0 . 4 6 2  7 7 . 8  2 7  . 8  1 7 . 7  2 . 5  
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3 0 4  1  9  2  2  1  0 . 2 2 2  0 . 3 0 0  6 5 . 4  5 3 . 1  2 0 . 0  4 . 9  
3 0 5  1  9  2  2  2  0 . 2 1 3  0 . 3 7 3  6 6 . 7  4 1 . 7  7 . 5  5 . 7  
3 0 6  1  9  2  2  3  0 . 1 1 1  0 . 5 5 4  8 2 . 7  1 3 . 5  9 . 3  2 . 3  
3 0 7  1  9  2  3  1  0 . 1 7 6  0 . 3 3 8  7 2 . 5  4 7 . 3  2 7 . 6  1 . 8  
3 0 8  1  9  2  3  2  0 . 2 4 0  0 . 5 8 8  6 2 . 5  8 . 1  1 2 . 1  1 . 4  
3 0 9  1  9  2  3  3  0 . 2 0 1  0 . 4 6 0  6 8 . 7  2 8 . 1  2 6 . 3  3  .  0  
3 1 0  1  9  2  4  1  0 . 1 7 3  0 . 5 0 3  7 2 . 9  2 1 . 5  2 6 . 4  0 . 7  
3 1 1  1  9  2  4  2  0 . 1 7 8  0 . 3 9 9  7 2 . 2  3 7 . 7  1 3 . 5  4 . 9  
3 1 2  1  9  2  4  3  0 . 1 9 1  0 . 3 0 0  7 0 . 2  5 3 . 1  1 6 . 4  1 . 6  
3 1 3  1  9  3  1  1  0 . 1 1 8  0 . 5 0 6  8 1 . 6  2 0 . 9  6 . 1  2 . 6  
3 1 4  1  9  3  1  2  0 . 1 3 4  0 . 4 1 3  7 9 . 1  3 5 . 5  1 7 . 3  6 . 0  
3 1 5  1  9  3  1  3  0 . 1 5 0  0 . 6 8 4  7 6 . 5  0 . 0  3  .  2  0 . 0  
3 1 6  1  9  3  2  1  0 . 2 0 8  0 . 5 6 8  6 7 . 5  1 1 . 3  2 7 . 8  1 . 3  
3 1 7  1  9  3  2  2  0 . 1 4 7  0 . 4 3 3  7 7 . 1  3 2 . 4  1 . 6  5 . 0  
3 1 8  1  9  3  2  3  0 . 1 5 5  0 . 5 0 7  7 5 . 8  2 0 . 8  1 3 . 7  3 . 8  
3 1 9  1  9  3  3  1  0 . 2 6 0  0 . 5 7 1  5 9 . 3  1 0 . 8  1 3  . 1  1 . 6  
3 2 0  1  9  3  3  2  0 . 1 2 2  0 . 4 1 6  8 1 . 0  3 5 . 0  2 5 . 2  6 . 6  
3 2 1  1  9  3  3  3  0 . 1 6 8  0 . 5 5 2  7 3 . 7  1 3 . 8  1 7 . 7  1 . 6  
3 2 2  1  9  3  4  1  0 . 2 1 3  0 . 3 7 9  6 6 . 7  4 0 . 8  2 3 . 4  0 . 7  
3 2 3  1  9  3  4  2  0 . 1 7 5  0 . 3 6 4  7 2 . 6  4 3 . 1  1 8  .  0  7 . 0  
3 2 4  1  9  3  4  3  0 . 1 9 7  0 . 3 7 1  6 9 . 2  4 2 . 0  3 1 . 6  5 . 7  
3 2 5  2  5  1  2  1  0 . 2 4 9  0 . 4 7 8  5 5 . 6  1 4 . 7  1 . 4  9 . 9  
3 2 6  2  5  1  2  2  0 . 3 0 2  0 . 5 2 0  4 6 . 1  7 . 2  0 . 6  3 . 7  
3 2 7  2  5  1  2  3  0 . 2 7 5  0 . 4 2 0  5 1 . 0  2 5 . 0  7 . 3  1 4 . 9  
3 2 8  2  5  1  4  1  0 . 2 4 0  0 . 3 4 0  5 7 . 1  3 9 . 3  1 6 . 9  7  . 1  
3 2 9  2  5  1  4  2  0 . 3 2 0  0 . 3 2 0  4 2 . 9  4 2 . 9  4  .  0  8  .  6  
3 3 0  2  5  1  4  3  0 . 2 4 0  0 . 3 1 0  5 7 . 1  4 4 . 6  2 0 . 4  4  .  7  
3 3 1  2  5  2  2  1  0 . 1 5 0  0 . 4 5 0  7 3 . 2  1 9 . 6  1 7 . 3  1 0 . 5  
3 3 2  2  5  2  2  2  0 . 1 9 0  0 . 4 1 0  6 6 . 1  2 6 . 8  1 4 . 4  1 3  .  1  
3 3 3  2  5  2  2  3  0 . 2 0 0  0 . 3 5 0  6 4 . 3  3 7 . 5  2 6 . 0  1 0 . 7  
3 3 4  2  5  2  4  1  0 . 2 4 0  0 . 3 8 0  5 7 . 1  3 2 . 1  2 3  .  5  1 . 1  
3 3 5  2  5  2  4  2  0 . 2 6 0  0 . 3 5 0  5 3 . 6  3 7 . 5  3 1 . 9  1 . 1  
3 3 6  2  5  2  4  3  0 . 2 7 0  0 . 3 3 0  5 1 . 8  4 1 . 1  2 5 . 5  0 . 6  
3 3 7  2  5  3  2  1  0 . 2 7 0  0 . 3 4 0  5 1 . 8  3 9 . 3  7 . 2  1 4  .  0  
3 3 8  2  5  3  2  2  0 . 5 4 2  3  .  3  1 . 8  
3 3 9  2  5  3  2  3  0 . 2 4 6  0 . 4 6 0  5 6 . 1  1 7 . 9  1 . 1  1 5 .  7  
3 4 0  2  5  3  4  1  0 . 2 9 0  0 . 4 0 4  4 8 . 2  2 7 . 9  1 . 3  7 . 2  
3 4 1  2  5  3  4  2  0 . 3 0 5  0 . 3 9 6  4 5 . 5  2 9 . 3  3  .  7  1 3  . 1  
3 4 2  2  5  3  4  3  0 . 3 4 0  0 . 4 1 6  3 9 . 4  2 5 . 7  4 . 6  9 . 2  
3 4 3  2  6  1  2  1  0 . 1 5 9  1 . 1 0 0  8 4 . 6  0 . 0  0 . 1  0 . 0  
3 4 4  2  6  1  2  2  0 . 1 7 5  0 . 6 1 0  8 3  .  0  4 0 . 8  1 . 0  1 2  .  7  
3 4 5  2  6  1  2  3  0 . 1 4 0  0 . 4 4 0  8 6 . 4  5 7 . 3  2 . 8  2 5 . 8  
3 4 6  2  6  1  4  1  0 . 2 2 0  0 . 5 4 0  7 8 . 6  4 7 . 6  3 4  . 1  8  . 1  
3 4 7  2  6  1  4  2  0 . 1 5 0  0 . 6 3 0  8 5 . 4  3 8 . 8  4 5 . 2  7 . 3  
3 4 8  2  6  1  4  3  0 . 1 6 0  0 . 4 1 0  8 4 . 5  6 0 . 2  4 9  .  9  6 . 9  
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3 4 9  2  6  2  2  1  0 . 1 6 0  0 . 4 8 0  8 4 . 5  5 3 . 4  2 1 . 4  1 1 . 0  
3 5 0  2  6  2  2  2  0 . 1 3 0  0 . 4 5 0  8 7 . 4  5 6 . 3  1 7 . 4  1 2 . 3  
3 5 1  2  6  2  2  3  0 . 1 0 0  0 . 4 8 0  9 0 . 3  5 3 . 4  1 2 . 7  1 1 . 1  
3 5 2  2  6  2  4  1  0 . 3 1 0  0 . 6 8 7  6 9 . 9  3 3 . 3  4 6 . 7  0 . 5  
3 5 3  2  6  2  4  2  0 . 2 0 0  0 . 4 3 0  8 0 . 6  5 8 . 3  3 6 . 5  2 . 3  
3 5 4  2  6  2  4  3  0 . 2 8 0  0 . 5 0 5  7 2 . 8  5 1 . 0  2 7 . 7  1 . 2  
3 5 5  2  6  3  2  1  0 . 1 5 8  0 . 6 2 0  8 4 . 7  3 9 . 8  1 . 4  1 1 . 5  
3 5 6  2  6  3  2  2  0 . 3 0 0  7 0 . 9  1 8 . 0  
3 5 7  2  6  3  2  3  0 . 1 4 0  0 . 5 9 0  8 6 . 4  4 2 . 7  0 . 3  1 6 . 1  
3 5 8  2  6  3  4  1  0 . 2 9 0  0 . 5 2 0  7 1 . 8  4 9 . 5  2 . 4  7 . 6  
3 5 9  2  6  3  4  2  0 . 1 9 0  0 . 5 4 0  8 1 . 6  4 7 . 6  6 . 7  7 . 6  
3 6 0  2  6  3  4  3  0 . 2 7 7  0 . 5 5 0  7 3 . 1  4 6 . 6  2 . 8  1 1 . 9  
3 6 1  2  7  1  2  1  0 . 2 9 0  0 . 9 7 9  7 6 . 3  1 9 . 8  6 . 9  4 . 6  
3 6 2  2  7  1  2  2  0 . 2 4 4  1 . 2 2 0  8 0 . 0  0 . 0  2 7 . 0  0 . 0  
3 6 3  2  7  1  2  3  0 . 1 4 0  1 . 1 2 8  8 8 . 5  7 . 5  4 1 . 5  2  .  6  
3 6 4  2  7  1  4  1  0 . 2 5 0  0 . 4 5 9  7 9 . 5  6 2 . 4  6 3 . 4  9 . 9  
3 6 5  2  7  1  4  2  0 . 2 1 0  0 . 6 8 7  8 2 . 8  4 3 . 7  8 7  .  6  5 . 0  
3 6 6  2  7  1  4  3  0 . 2 3 5  0 . 5 4 9  8 0 . 7  5 5 . 0  7 8 . 7  1 . 2  
3 6 7  2  7  2  2  1  0 . 2 3 7  0 . 8 5 7  8 0 . 6  2 9 . 8  6 0 .  4  6 . 4  
3 6 8  2  7  2  2  2  0 . 1 5 5  0 . 7 8 1  8 7 . 3  3 6 . 0  5 0 . 4  1 1 . 4  
3 6 9  2  7  2  2  3  0 . 2 7 2  1 . 1 3 5  7 7 . 7  7 . 0  7 1 . 1  1 . 8  
3 7 0  2  7  2  4  1  0 . 2 4 0  0 . 8 3 5  8 0 . 3  3 1 . 6  8 2 . 9  0 . 7  
3 7 1  2  7  2  4  2  0 . 1 6 5  0 . 4 9 8  8 6 . 5  5 9 . 2  9 6 .  6  1 . 6  
3 7 2  2  7  2  4  3  0 . 2 6 0  0 . 6 2 4  7 8 . 7  4 8 . 9  6 9 . 4  6 . 7  
3 7 3  2  7  3  2  1  0 . 1 0 5  1 . 0 1 1  9 1 . 4  1 7 . 1  2 3 . 7  3  .  6  
3 7 4  2  7  3  2  2  0 . 1 8 0  1 . 1 9 0  8 5 . 2  2 . 5  0 . 6  0 . 6  
3 7 5  2  7  3  2  3  0 . 0 6 0  0 . 7 8 0  9 5 . 1  3 6 . 1  4 . 7  7  .  3  
3 7 6  2  7  3  4  1  0 . 1 2 0  1 . 0 9 5  9 0 . 2  1 0 . 2  2 3 . 1  1 . 1  
3 7 7  2  7  3  4  2  0 . 1 1 0  0 . 6 8 5  9 1 . 0  4 3  .  9  5 9 . 2  9 . 1  
3 7 8  2  7  3  4  3  0 . 1 4 9  0 . 7 0 9  8 7 . 8  4 1 . 9  4 9 . 5  9 . 7  
3 7 9  2  8  1  2  1  0 . 0 1 8  0 .  3 9 2  9 6 . 6  2 7 . 0  2 2 . 4  4 . 8  
3 8 0  2  8  1  2  2  0 . 0 2 0  0 . 4 6 8  9 6 . 3  1 2 . 8  4 6 . 6  2  .  0  
3 8 1  2  8  1  2  3  0 . 0 1 5  0 . 4 1 2  9 7 . 2  2 3 . 3  5 0 . 9  4 . 2  
3 8 2  2  8  1  4  1  0 . 0 5 5  0 . 0 9 6  8 9 . 8  8 2 . 1  6 5 . 1  1 8 . 2  
3 8 3  2  8  1  4  2  0 . 0 3 3  0 . 1 2 1  9 3 . 9  7 7 . 5  5 2 . 2  1 . 6  
3 8 4  2  8  1  4  3  0 . 0 3 5  0 . 1 2 8  9 3 . 5  7 6 . 2  7 1 . 2  0 .  6  
3 8 5  2  8  2  2  1  0 . 0 1 0  0 . 2 5 2  9 8 . 1  5 3  . 1  6 6 .  3  1 1 . 5  
3 8 6  2  8  2  2  2  0 . 0 0 7  0 . 2 8 5  9 8 . 7  4 6 . 9  6 5 . 8  9 . 1  
3 8 7  2  8  2  2  3  0 . 0 1 6  0 . 2 9 9  9 7 . 0  4 4  .  3  6 4 . 5  7 . 7  
3 8 8  2  8  2  4  1  0 . 0 4 8  0 . 1 3 5  9 1 . 1  7 4 . 9  8 7 . 5  2  .  0  
3 8 9  2  8  2  4  2  0 . 0 4 6  0 . 1 3 8  9 1 . 4  7 4  .  4  6 2 . 8  3 . 8  
3 9 0  2  8  2  4  3  0 . 0 3 1  0 . 1 4 0  9 4 . 2  7 3 . 9  1 0 7 . 4  2 . 5  
3 9 1  2  8  3  2  1  0 . 0 1 2  0 . 4 1 2  9 7 . 8  2 3  .  3  6 6 . 5  4 . 9  
3 9 2  2  8  3  2  2  0 . 0 0 5  0 . 5 5 9  9 9 . 1  0 . 0  3 . 7  0 . 0  
3 9 3  2  8  3  2  3  0 . 0 0 5  0 . 3 0 5  9 9 . 1  4 3 . 2  2 6 . 9  6 . 9  
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3 9 4  2  8  3  4  1  0 . 0 1 8  0 . 2 0 9  9 6 . 6  6 1 . 1  7 0 . 7  1 3 . 3  
3 9 5  2  8  3  4  2  0 . 0 1 0  0 . 2 3 3  9 8 . 1  5 6 . 6  7 4 . 4  5 . 2  
3 9 6  2  8  3  4  3  0 . 0 1 7  0 . 1 4 4  9 6 .  8  7 3  .  2  7 5 . 4  1 0 . 5  
3 9 7  2  9  1  2  1  0 . 5 3 6  1 6 . 2  3 . 4  
3 9 8  2  9  1  2  2  0 . 3 9 0  3 9 . 0  5 . 5  
3 9 9  2  9  1  2  3  0 . 4 0 5  3 6 . 8  5 . 0  
4 0 0  2  9  1  4  1  0 . 2 3 1  6 3  . 9  6 . 1  
4 0 1  2  9  1  4  2  0 . 2 8 3  5 5 . 7  5 . 7  
4 0 2  2  9  1  4  3  0 . 3 2 4  4 9 . 4  0 .  6  
4 0 3  2  9  2  2  1  0 . 1 5 0  0 . 5 9 7  7 6 .  6  6 .  6  3 3 . 1  0 . 3  
4 0 4  2  9  2  2  2  0 .  1 3 4  0 . 3 6 9  7 9 . 1  4 2 . 4  1 6 . 7  6 . 0  
4 0 5  2  9  2  2  3  0 .  1 5 8  0 . 4 5 3  7 5 . 4  2 9 . 3  1 3  .  5  3  .  3  
4 0 6  2  9  2  4  1  0 . 2 3 9  0 . 5 9 8  6 2 . 7  6 .  6  1 7 . 6  0 . 2  
4 0 7  2  9  2  4  2  0 . 2 0 5  0 .  3 6 6  6 7 . 9  4 2 . 8  6 . 4  1 . 3  
4 0 8  2  9  2  4  3  0 . 2 1 4  0 . 2 5 5  6 6 . 6  6 0 . 1  1 8 . 4  2 . 0  
4 0 9  2  9  3  2  1  0 . 1 1 3  0 . 6 3 9  8 2 . 3  0 . 1  2 0 . 8  0 . 0  
4 1 0  2  9  3  2  2  0 . 1 1 1  0 . 4 9 5  8 2 . 7  2 2  .  6  0 . 6  3  . 1  
4 1 1  2  9  3  2  3  0 . 0 7 5  0 . 4 8 0  8 8 . 3  2 5 . 0  7 . 6  4 . 8  
4 1 2  2  9  3  4  1  0 . 1 6 3  0 . 3 3 3  7 4 . 5  4 8 . 0  1 1 . 7  7  .  7  
4 1 3  2  9  3  4  2  0 . 1 7 0  0 . 3 6 5  7 3 . 5  4 3 . 0  1 1 . 5  4 . 8  
4 1 4  2  9  3  4  3  0 . 1 1 5  0 . 3 1 4  8 2  .  0  5 0 .  9  1 2 . 9  6 . 0  
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T a b l e  A 6 .  V a l u e s  p e r  p l o t  f o r  p e r c e n t a g e  l e g u m e  ( L ) ,  
h e r b a g e  d r y  m a t t e r  y i e l d  ( H Y ) ,  l e g u m e  d r y  m a t t e r  
y i e l d  ( L Y ) ,  h e r b a g e  N  y i e l d  ( H N Y ) ,  l e g u m e  N  
y i e l d  ( L N Y ) ,  l e g u m e  N  c o n c e n t r a t i o n  ( N L ) ,  a n d  
t a l l  f e s c u e  N  c o n c e n t r a t i o n  i n  E x p  2 ^  
O B S  N  H  M  P  R  L  H Y  L Y  H N Y  L N Y  N L  N F  
—1 —1 
k g  h a  — g  k g  —  
1  1  1  1  1  1  1 . 9  1 3 7 3  2 7  3 3 . 4  0 . 9  3 5 . 6  2 4 .  1  
2  1  1  1  1  2  4 . 3  8 1 0  3 5  1 3 . 8  1 . 1  3 2 . 3  1 6 . 4  
3  1  1  1  1  3  2 . 9  1 0 5 1  3 1  1 8 . 0  1 . 0  3 3 . 9  1 6 . 7  
4  1  1  1  2  1  7 . 6  1 3 4 7  1 0 2  3 0 . 5  3 . 8  3 7 . 2  2 1 . 4  
5  1  1  1  2  2  9 . 7  6 5 5  6 3  1 4 . 2  1 . 9  3 0 . 6  2 0 . 6  
6  1  1  1  2  3  2 . 9  1 0 7 1  3 1  2 3 . 4  1 . 0  3 1 . 7  2 1 . 6  
7  1  1  1  3  1  1 7 . 5  6 4 3  1 1 2  1 7 . 5  4 . 0  3 5 . 5  2 5 . 5  
8  1  1  1  3  2  4 . 8  1 5 8 6  7 6  3 4 . 8  2 . 4  3 2  .  0  2 1 . 4  
9  1  1  1  3  3  1 6 . 4  1 2 4 5  2 0 4  2 8 . 7  6 . 4  3 1 . 3  2 1 . 4  
1 0  1  1  1  4  1  8 7 . 8  3 0 2  2 6 5  1 2 . 1  1 0 . 8  4 0 . 6  3 5 . 1  
1 1  1  1  1  4  2  9 1 . 3  4 0  3 7  1 . 5  1 . 4  3 7 . 5  3 9 . 2  
1 2  1  1  1  4  3  3 8 . 3  1 6 5  6 3  5 . 9  2 . 4  3 7 . 2  3 4  .  4  
1 3  1  1  2  1  1  3  .  0  6 7 3  2 0  1 4 . 5  0 . 7  3 4 . 7  2 1 . 2  
1 4  1  1  2  1  2  1 . 6  1 0 3 7  1 6  1 9 . 1  0 . 5  3 3 .  6  1 8 . 2  
1 5  1  1  2  1  3  1 . 1  7 6 3  8  1 1 . 4  0 . 3  3 3 . 5  1 4 . 8  
1 6  1  1  2  2  1  2 . 2  1 0 4 3  2 2  2 4 . 8  0 . 7  3 3 . 3  2 3 .  5  
1 7  1  1  2  2  2  4 . 0  7 2 2  • 2 9  1 5 . 0  0 . 9  3 3 . 2  2 0 . 3  
1 8  1  1  2  2  3  1 . 2  7 0 2  8  1 2 . 5  0 . 3  3 1 . 8  1 7 . 6  
1 9  1  1  2  3  1  7 . 0  7 2 4  5 1  1 5 . 9  1 . 8  3 4 . 4  2 1 . 0  
2 0  1  1  2  3  2  7 . 1  1 3 8 4  9 8  3 1 . 5  3  .  1  3 2  .  0  2 2 .  1  
2 1  1  1  2  3  3  3 . 2  1 2 6 5  4 1  2 7 . 7  1 . 3  3 2 . 8  2 1 . 6  
2 2  1  1  2  4  1  6 7 . 6  7 6  5 1  2  .  8  1 . 9  3 7 . 2  3 5 . 7  
2 3  1  1  2  4  2  9 2 . 3  3 1  2 9  1 . 1  1 . 0  3 4 . 8  3 8 . 4  
2 4  1  1  2  4  3  9 1 . 4  2 5  2 2  0 . 9  0 . 8  3 5 . 1  3 9 . 2  
2 5  1  1  3  1  1  3 . 7  6 1 4  2 2  1 4 . 6  0 . 6  2 8 . 0  2 3  .  5  
2 6  1  1  3  1  2  7 . 4  1 3 0 0  9 6  2 4 . 1  3 . 0  3 1 . 8  1 7 . 5  
2 7  1  1  3  1  3  7 . 0  1 7 5 5  1 2 2  2 8 . 7  3  .  5  2 8 .  4  1 5 . 4  
2 8  1  1  3  2  1  2 1 . 4  8 5 7  1 8 4  2 4 . 2  5 . 8  3 1 . 5  2 7 . 3  
2 9  1  1  3  2  2  9 . 7  1 2 6 5  1 2 2  2 7 . 3  4 . 1  3 3 .  6  2 0 . 3  
3 0  1  1  3  2  3  9 . 4  1 0 8 2  1 0 2  2 5 . 4  3 . 3  3 2 . 1  2 2  .  6  
3 1  1  1  3  3  1  2 3 . 7  1 5 5 1  3 6 7  3 2 . 7  1 1 . 8  3 2  . 1  1 7 . 6  
3 2  1  1  3  3  2  1 3 . 6  1 3 4 7  1 8 4  3 5 . 9  6 . 1  3 3 . 1  2 5  .  6  
3 3  1  1  3  3  3  1 6 . 3  8 7 8  1 4 3  2 0 . 2  5 . 1  3 5 . 7  2 0 . 5  
^ O B S  =  o b s e r v a t i o n ;  N  =  n i t r o g e n  r a t e  ( 1  =  n i l  a n d  
2  =  1 0 0  k g / h a ) ;  H  =  h a r v e s t ,  M  =  m i x t u r e  ( 1  =  w h i t e  
c l o v e r - t a l l  f e s c u e ,  2  =  r e d  c l o v e r - t a l l  f e s c u e ,  
3  =  b i r d s f o o t  t r e f o i l - t a l l  f e s c u e ) ;  P  =  l e g u m e  
p r o p o r t i o n ;  R  =  r e p l i c a t i o n .  
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Table A6. Continued 
O B S  N  H  M  P  R  L  H Y  L Y  H N Y  L N Y  N L  N F  
3 4  1  1  3  4  1  8 0 .  6  6 3 3  5 1 0  1 9 . 8  1 5 . 4  3 0 . 2  3 6 . 1  
3 5  1  1  3  4  2  9 1 . 4  4 0 2  3 6 7  1 4 . 1  1 2 . 8  3 4 . 8  3 8  .  3  
3 6  1  1  3  4  3  8 6 . 8  1 0 8 2  9 3 9  3 7 . 8  3 2 . 8  3 4 . 9  3 5 . 5  
3 7  1  2  1  1  1  4 . 2  5 3 4 7  2 2 4  7 8 . 1  6 . 1  2 7 . 3  1 4 . 0  
3 8  1  2  1  1  2  2 1 . 2  4 8 0 7  1 0 2 1  9 2 . 1  3 5 . 6  3 4 . 9  1 4 . 9  
3 9  1  2  1  1  3  2 0 . 4  6 2 0 4  1 2 6 5  1 0 1 . 7  4 3 . 0  3 4 . 0  1 1 . 9  
4 0  1  2  1  2  1  1 0 . 8  6 8 5 7  7 4 3  1 1 8 . 3  2 3 . 6  3 1 . 8  1 5 . 5  
4 1  1  2  1  2  2  1 5 . 3  6 3 8 8  9 8 0  1 0 3 . 5  3 3 . 0  3 3 . 7  1 3 . 0  
4 2  1  2  1  2  3  2 1 . 0  6 4 0 8  1 3 4 7  1 2 0 . 5  4 5 . 0  3 3 . 4  1 4 . 9  
4 3  1  2  1  3  1  2 5 . 7  6 5 5 0  1 6 8 1  1 3 2 . 7  5 9 . 4  3 5 . 3  1 5 . 1  
4 4  1  2  1  3  2  2 4 . 9  6 5 6 5  1 6 3 6  1 2 1 . 4  4 8 . 7  2 9 . 7  1 4 . 8  
4 5  1  2  1  3  3  2 8 . 7  5 4 0 8  1 5 5 1  1 0 9 . 6  4 6 . 5  3 0 . 0  1 6 . 4  
4 6  1  2  1  4  1  4 2 . 1  3 2 4 5  1 3 6 7  9 4 . 9  4 6 . 5  3 4 . 0  2 5 . 8  
4 7  1  2  1  4  2  4 7 . 5  4 5 2 6  2 1 5 0  1 0 6 . 0  6 3 . 7  2 9 . 6  1 7 . 8  
4 8  1  2  1  4  3  4 6 . 3  5 2 4 5  2 4 2 9  1 2 2 . 5  6 7 . 0  2 7 . 6  1 9 . 7  
4 9  1  2  2  1  1  8  .  6  4 9 5 9  4 2 9  7 7 . 6  1 5 . 9  3 7 . 2  1 3  .  6  
5 0  1  2  2  1  2  6 . 6  4 9 3 9  3 2 7  7 5 . 3  1 0 . 5  3 2  .  3  1 4  .  0  
5 1  1  2  2  1  3  1 2 . 4  5 2 6 5  6 5 3  9 2 . 6  2 3 . 8  3 6 . 5  1 4 . 9  
5 2  1  2  2  2  1  2 4 . 5  6 1 6 3  1 5 1 0  1 0 9 . 0  4 2 . 3  2 8 . 0  1 4  .  3  
5 3  1  2  2  2  2  2 3 . 1  7 3 5 5  1 7 0 0  1 3 2 . 0  5 5 . 9  3 2 . 9  1 3  . 5  
5 4  1  2  2  2  3  1 9 . 8  5 7 7 6  1 1 4 3  9 6 .  3  3 4 . 6  3 0 . 3  1 3  . 3  
5 5  1  2  2  3  1  3 4 . 3  6 7 1 4  2 3 0 6  1 3 6 . 9  6 7 . 4  2 9 . 2  1 5 . 8  
5 6  1  2  2  3  2  2 0 . 3  •  4 6 3 3  9 3 9  8 8 . 7  2 8 . 3  3 0 . 1  1 6 . 4  
5 7  1  2  2  3  3  1 2 . 8  5 2 4 5  6 7 3  6 5 . 8  2 0 . 8  3 0 . 8  9 . 8  
5 8  1  2  2  4  1  3 5 . 6  3 9 5 9  1 4 0 8  9 5 .  6  4 3 . 2  3 0 . 7  2 0 . 6  
5 9  1  2  2  4  2  5 4 . 1  5 2 8 6  2 8 5 7  1 4 8 . 7  9 3  .  5  3 2 . 7  2 2  .  7  
6 0  1  2  2  4  3  6 4 - 1  6 1 4 3  3 9 3 9  1 5 9 . 4  1 1 8 . 2  3 0 . 0  1 8 . 7  
6 1  1  2  3  1  1  3 2 . 6  3 6 2 7  1 1 8 3  6 6 . 9  3 3  .  3  2 8 . 1  1 3 . 8  
6 2  1  2  3  1  2  1 9 . 0  6 4 4 9  1 2 2 4  1 1 2 . 3  4 2 . 0  3 4 . 3  1 3  .  5  
6 3  1  2  3  1  3  2 4 . 5  5 4 0 8  1 3 2 7  1 0 4 . 5  4 2 . 4  3 2 . 0  1 5 . 2  
6 4  1  2  3  2  1  2 0 . 3  6 4 4 9  1 3 0 6  1 1 2 . 0  4 5 . 8  3 5 . 0  1 2 . 9  
6 5  1  2  3  2  2  2 1 . 8  6 6 3 3  1 4 4 9  1 0 2 . 9  5 0 . 3  3 4 . 7  1 0 . 1  
6 6  1  2  3  2  3  2 7 . 1  6 4 0 8  1 7 3 5  1 2 4 . 9  5 4 . 5  3 1 . 4  1 5 . 1  
6 7  1  2  3  3  1  3 3 . 9  6 9 1 8  2 3 4 7  1 4 9 . 0  8 0 . 2  3 4 . 2  1 5 . 1  
6 8  1  2  3  3  2  2 1 . 8  6 4 4 9  1 4 0 8  1 1 2 . 4  4 5 . 3  3 2 .  1  1 3  .  3  
6 9  1  2  3  3  3  3 2 . 6  6 8 1 6  2 2 2 4  1 5 0 . 1  7 5 . 7  3 4 . 0  1 6 . 2  
7 0  1  2  3  4  1  4 6 . 3  5 5 5 1  2 5 7 1  1 6 7 . 8  8 9 . 3  3 4 . 7  2 6 . 3  
7 1  1  2  3  4  2  5 5 . 1  4 8 1 6  2 6 5 3  1 3 6 . 6  9 0 . 3  3 4  .  0  2 1 . 4  
7 2  1  2  3  4  3  5 3 . 5  5 7 5 5  3 0 8 2  1 5 8 . 7  1 0 5 . 7  3 4  .  3  1 9 . 8  
7 3  1  3  1  1  1  4 . 2  9 8 0  4 1  2 4 . 4  1 . 5  3 6 . 4  2 4  .  4  
7 4  1  3  1  1  2  9 . 3  1 1 0 2  1 0 2  2 1 . 3  3  .  8  3 7 . 2  1 7 . 5  
7 5  1  3  1  1  3  1 2 . 5  6 5 3  8 2  2 0 . 9  2 . 8  3 4  .  4  3 1 . 6  
7 6  1  3  1  2  1  2 0 .  0  7 1 4  1 4 3  2 2 . 5  5 . 8  4 0 . 6  2 9 . 2  
7 7  1  3  1  2  2  2 7 . 8  7 3 5  2 0 4  2 3 . 1  8  .  2  4 0 . 2  2 8  .  1  
7 8  1  3  1  2  3  2 . 9  7 1 4  2 0  1 3 . 2  0 . 7  3 2  .  3  1 8  .  1  
8 3  
8 4  
8 5  
86 
8 7  
88 
8 9  
9 0  
9 1  
9 2  
9 3  
9 4  
9 5  
9 6  
9 7  
9 8  
9 9  
100 
101 
102 
1 0 3  
1 0 4  
1 0 5  
106 
1 0 7  
108 
1 0 9  
110 
111 
112 
1 1 3  
1 1 4  
1 1 5  
116 
1 1 7  
118 
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A6. Continued 
N  H  M  P  R  L  H Y  L Y  H N Y  L N Y  N L  N F  
1  3  1  3  1  3 7 . 5  3 2 7  1 2 2  9 . 3  4 . 8  3 9 . 2  2 1 . 8  
1  3  1  3  2  1 0 . 7  5 7 1  6 1  1 5 . 5  2 . 2  3 6 . 1  2 6 . 1  
1  3  1  3  3  3 8 . 9  3 6 7  1 4 3  1 1 . 2  5 . 0  3 5 . 0  2 7 . 7  
1  3  1  4  1  9 6 . 8  4 8 5  4 6 9  1 8 . 2  1 7 . 9  3 8 . 0  2 4 . 2  
1  3  1  4  2  4 3 . 8  6 5 3  2 8 6  2 1 . 6  1 0 . 4  3 6 . 3  3 0 . 5  
1  3  1  4  3  5 7 . 1  2 8 6  1 6 3  8 . 0  5 . 8  3 5 . 3  1 7 . 9  
1  3  2  1  1  2 5 . 5  9 5 9  2 4 5  2 9 . 1  8  .  0  3 2 . 7  2 9 . 5  
1  3  2  1  2  2 2 . 6  6 3 3  1 4 3  1 6 . 1  4 . 1  2 8 . 9  2 4 . 5  
1  3  2  1  3  4 . 4  9 1 8  4 1  2 2 . 1  1 . 4  3 5 . 0  2 3 . 5  
1  3  2  2  1  3 6 . 6  8 3 7  3 0 6  2 0 . 7  9 . 3  3 0 . 5  2 1 . 3  
1  3  2  2  2  1 0 . 7  5 7 1  6 1  1 5 . 1  1 . 9  3 0 . 8  2 5 . 8  
1  3  2  2  3  4 5 . 2  8 5 7  3 8 8  2 6 . 2  1 2 . 5  3 2 . 3  2 9 . 2  
1  3  2  3  1  5 6 . 1  8 3 7  4 6 9  2 3 . 8  1 3 . 6  2 8 . 9  2 8 . 0  
1  3  2  3  2  3 3 . 9  1 2 0 4  4 0 8  3 5 . 9  1 1 . 1  2 7 . 1  3 1 . 2  
1  3  2  3  3  4 4 . 4  7 3 5  3 2 7  2 3 . 5  1 0 . 9  3 3 . 4  3 0 . 8  
1  3  2  4  1  7 8 . 6  8 5 7  6 7 3  2 6 . 9  2 2 . 8  3 3 . 9  2 2  .  0  
1  3  2  4  2  8 0 . 0  4 0 8  3 2 7  1 3 . 6  1 1 . 4  3 4 . 8  2 7 . 0  
1  3  2  4  3  6 7 . 5  8 1 6  5 5 1  2 6 . 2  2 0 . 3  3 6 . 8  2 2 . 3  
1  3  3  1  1  4 5 . 9  7 5 5  3 4 7  1 8 . 5  9 . 0  2 5 . 8  2 3 . 4  
1  3  3  1  2  3 7 . 7  1 5 7 1  5 9 2  4 1 . 8  1 8 . 8  3 1 . 8  2 3 . 4  
1  3  3  1  3  2 2 . 0  8 3 7  1 8 4  2 3 . 8  5 . 9  3 1 . 9  2 7 . 4  
1  3  3  2  1  7 8 . 3  9 3 9  7 3 5  2 8 . 2  2 2  . 9  3 1 . 1  2 6 . 2  
1  3  3  2 2  3 5 . 4  1 3 2 7  4 6 9  2 9 . 2  1 4  . 1  3 0 . 0  1 7 . 6  
1  3  3  2  3  4 0 . 0  1 0 2 0  4 0 8  2 2 . 9  1 4 . 2  3 4 . 7  1 4 . 3  
1  3  3  3  1  8 7 . 0  1 1 0 2  9 5 9  3 3 . 3  2 9  . 4  3 0 . 7  2 7 . 0  
1  3  3  3  2  6 6 . 7  1 1 0 2  7 3 5  3 3 . 9  2 3 . 8  3 2 . 4  2 7 . 4  
1  3  3  3  3  3 1 . 4  7 1 4  2 2 4  2 1 . 7  7 . 7  3 4  .  5  2 8 .  6  
1  3  3  4  1  8 9 . 5  1 1 6 3  1 0 4 1  3 8 . 2  3 6 . 1  3 4 . 7  1 7 . 3  
1  3  3  4  2  9 7 . 5  7 9 6  7 7 6  3 6 . 1  3 5 . 6  4 5 . 9  2 2 . 3  
1  3  3  4  3  9 7 . 7  8 7  8  8 5 7  3 3 . 0  3 2  .  6  3 8 . 0  2 0 . 5  
2  1  1  2  1  2 . 8  1 4 6 9  4 1  4 4 . 9  1 . 5  3 7 . 9  3 0 . 3  
2  1  1  2  2  3  .  0  2 6 3 1  8 0  6 0 . 9  2  .  6  3 2 . 2  2 2 . 9  
2  1  1  2  3  2 . 5  1 7 8 0  4 5  3 9 . 6  1 . 3  2 8 . 8  2 2  .  1  
2  1  1  4  1  7 2 . 7  2 2 4  1 6 3  9 . 9  7 . 1  4 3 . 7  4 4 . 3  
2  1  1  4  2  5 1 . 4  1 5 1  7 8  5 . 8  3  . 1  3 9 . 9  3 6 . 9  
2  1  1  4  3  2 1 . 7  2 3 5  5 1  8  .  2  1 . 7  3 3 .  6  3 5 . 2  
2  1  2  2  1  1 . 1  1 8 5 7  2 0  4 5 . 2  0 . 7  3 6 . 6  2 4 . 2  
2  1  2  2  2  0 . 8  1 5 2 2  1 2  3 5 . 0  0 . 4  3 6 . 3  2 2 . 9  
2  1  2  2  3  1 . 4  1 7 5 9  2 4  3 3 . 6  0 . 7  3 0 . 0  1 9 . 0  
2  1  2  4  1  7 7 . 8  9 2  7 1  3 . 7  2 . 9  3 9 . 9  4 0 . 4  
2  1  2  4  2  2 1 . 7  3 3 9  7 3  1 2 . 7  2 . 9  3 9  .  5  3 7  . 1  
2  1  2  4  3  4 7 . 4  1 9 4  9 2  7 . 0  3  . 1  3 3 . 8  3 8 . 7  
2  1  3  2  1  6 . 9  2 0 6 1  1 4 3  4 9 . 7  4 . 8  3 3 . 8  2 3 . 4  
2  1  3  2  2  3  .  1  1 5 5 9  4 9  3 5 . 8  1 . 6  3 3 . 0  2 2 . 6  
2  1  3  2  3  4 . 2  1 2 1 4  5 1  2 9 . 3  1 . 6  3 1 . 5  2 3  .  8  
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Table A6. Continued 
O B S  N  H  M  P  R  L  H Y  L Y  H N Y  L N Y  N L  N F  
1 2 4  2  1  3  4  1  8 2 . 1  5 7 1  4 6 9  2 2 . 5  1 8 . 6  3 9 . 7  3 7 . 4  
1 2 5  2  1  3  4  2  8 0 . 6  6 3 3  5 1 0  2 2 . 6  1 8 . 1  3 5 . 6  3 6 . 2  
1 2 6  2  1  3  4  3  7 8 . 2  1 1 2 2  8 7 8  3 8 . 8  3 1 . 0  3 5 . 3  3 2 .  0  
1 2 7  2  2  1  2  1  4 . 9  7 1 0 2  3 4 7  7 1 . 0  1 0 . 4  3 0 . 0  9 . 0  
1 2 8  2  2  1  2  2  1 0 . 1  5 8 7 8  5 9 2  6 4 . 4  1 7 . 0  2 8 . 7  9 . 0  
1 2 9  2  2  1  2  3  1 0 . 6  4 8 1 6  5 1 0  6 4 . 3  1 4 . 6  2 8 . 7  1 1 . 5  
1 3 0  2  2  1  4  1  2 4 . 7  4 3 8 8  1 0 8 2  9 5 . 8  3 5 . 9  3 3 . 2  1 8 . 1  
1 3 1  2  2  1  4  2  2 7 . 6  5 8 7 9  1 6 2 5  1 0 0 . 6  5 3 . 8  3 3  . 1  1 1 . 0  
1 3 2  2  2  1  4  3  1 3 . 4  3 9 4 9  5 3 1  6 6 . 5  1 4 . 6  2 7 . 5  1 5 . 2  
1 3 3  2  2  2  2  1  4 . 0  5 6 5 3  2 2 4  5 0 . 0  7 . 6  3 3 . 9  7 . 8  
1 3 4  2  2  2  2  2  4 . 9  5 4 4 9  2 6 5  4 7 . 3  8  .  2  3 1 . 1  7 . 5  
1 3 5  2  2  2  2  3  6 . 6  5 8 7 8  3 8 8  5 5 . 0  1 3  .  6  3 5 . 2  7 . 5  
1 3 6  2  2  2  4  1  1 0 . 2  4 3 8 8  4 4 9  6 8 . 8  1 4  . 1  3 1 . 4  1 3 . 9  
1 3 7  2  2  2  4  2  2 5 . 1  4 6 3 3  1 1 6 3  1 0 1 . 2  4 1 . 4  3 5 . 6  1 7 . 2  
1 3 8  2  2  2  4  3  1 8 . 7  4 0 4 1  7 5 5  8 8 . 5  2 8 . 1  3 7 . 2  1 8  .  4  
1 3 9  2  2  3  2  1  6 . 2  4 6 3 3  2 8 6  6 9 . 8  8 . 7  3 0 . 5  1 4  .  0  
1 4 0  2  2  3  2  2  2 . 4  5 1 4 3  1 2 2  5 0 . 6  4  . 1  3 3  .  7  9 . 3  
1 4 1  2  2  3  2  3  8 . 5  5 0 2 0  4 2 9  5 6 . 4  1 4 . 5  3 3 .  9  9 . 1  
1 4 2  2  2  3  4  1  4 0 . 9  4 9 3 9  2 0 2 0  1 0 6 . 8  6 0 . 4  2 9 . 9  1 5 . 9  
1 4 3  2  2  3  4  2  3 3 . 8  4 3 4 7  1 4 6 9  8 8 . 1  4 3  . 1  2 9 . 3  1 5 . 6  
1 4 4  2  2  3  4  3  3 0 . 0  4 0 8 2  1 2 2 4  8 3 . 7  3 7 . 4  3 0 . 5  1 6 . 2  
1 4 5  2  3  1  2  1  1 5 . 4  7 9 6  1 2 2  1 4 . 6  4 . 4  3 6 . 0  1 5 . 2  
1 4  6 - 2  3  1  2  2  2 2 . 0  8 3 7  1 8 4  2 6 . 9  7 . 0  3 7 . 9  3 0 . 5  
1 4 7  2  3  1  2  3  4 . 9  8 3 7  4 1  1 5 . 2  1 . 4  3 5 . 0  1 7 . 3  
1 4 8  2  3  1  4  1  7 2 . 7  2 2 4  1 6 3  6 . 8  5 . 3  3 2  .  7  2 4  .  0  
1 4 9  2  3  1  4  2  2 0 . 0  7 1 4  1 4 3  1 7 . 7  5 . 6  3 9 . 2  2 1 . 1  
1 5 0  2  3  1  4  3  9 3 . 3  3 0 6  2 8 6  9 . 5  9 . 1  3 1 . 9  1 9 . 0  
1 5 1  2  3  2  2  1  1 6 . 7  9 8 0  1 6 3  2 7 . 4  5 . 1  3 1 . 0  2 7 . 4  
1 5 2  2  3  2  2  2  1 5 . 8  7 7 6  1 2 2  1 8 . 0  3  . ' 4  2 7  .  6  2 2 . 3  
1 5 3  2  3  2  2  3  4 4 . 1  6 9 4  3 0 6  2 0 . 9  9 . 3  3 0 . 5  2 9 . 7  
1 5 4  2  3  2  4  1  7 6 . 9  5 3 1  4 0 8  1 7 . 1  1 4 . 2  3 4 . 7  2 3 . 7  
1 5 5  2  3  2  4  2  2 9 . 5  8 9 8  2 6 5  2 9 . 2  1 0 .  2  3 8 . 5  3 0 . 0  
1 5 6  2  3  2  4  3  7 0 . 4  1 1 0 2  7 7 6  2 8 . 5  2 2  .  4  2 8 . 9  1 8  .  6  
1 5 7  2  3  3  2  1  6 2 . 8  8 7 8  5 5 1  2 5 . 0  1 6 . 5  3 0 . 0  2 5 . 8  
1 5 8  2  3  3  2  2  3 6 . 0  5 1 0  1 8 4  1 5 . 5  4 . 9  2 6 . 8  3 2  .  3  
1 5 9  2  3  3  2  3  4 5 . 7  7 1 4  3 2 7  2 3 . 5  1 1 . 5  3 5 . 1  3 1 . 0  
1 6 0  2  3  3  4  1  5 9 . 6  9 5 9  5 7 1  2 9 .  1  2 1 . 8  3 8 . 2  1 8 . 9  
1 6 1  2  3  3  4  2  9 8 . 6  1 0 1 4  1 0 0 0  3 4 . 9  3 4 . 5  3 4 . 5  2 9 .  4  
1 6 2  2  3  3  4  3  9 6 . 6  5 9 2  5 7 1  2 0 . 5  2 0 . 0  3 5 . 0  2 3 . 8  
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15 T a b l e  A 7 .  V a l u e s  p e r  p l o t  f o r  N  a t o m  e x c e s s  i n  l e g u m e s  
( A T E X L )  a n d  a s s o c i a t e d  t a l l  f e s c u e  ( A T E X F ) ;  N  
d e r i v e d  f r o m  a i r  i n  l e g u m e s  ( N d f a )  a n d  i n  t a l l  
f e s c u e  ( N t d f a ) ;  l e g u m e  f i x e d - N  y i e l d  ( L N F I X ) ;  
a n d  t r a n s f e r r e d - N  y i e l d  ( F N F I X )  i n  E x p  2 ^  
O B S  N  H  M  P  R  A T E X L  A T E X F  N d f a  N t d f a  L N F I X  F N F I X  
— — — — — — — — — — —  
— — — 
— k g  h a  
1  1  1  1  1  1  0 . 0 9 4  0 . 2 3 1  6 6 . 4  1 7 .  3  0 . 6  5 . 6  
2  1  1  1  1  2  0 . 0 8 9  0 . 2 6 6  6 8 . 2  5 . 2  0 . 8  0 . 7  
3  1  1  1  1  3  0 . 1 0 5  0 . 1 8 4  6 2 . 4  3 4 . 2  0 . 6  5 . 8  
4  1  1  1  2  1  0 . 1 0 3  0 . 2 3 8  6 3 . 3  1 5 .  1  2 . 4  4 . 0  
5  1  1  1  2  2  0 . 1 0 3  0 . 2 2 5  6 3 . 2  1 9 . 8  1 . 2  2 . 4  
6  1  1  1  2  3  0 . 0 9 3  0 . 2 3 1  6 6 . 9  1 7 . 6  0 . 6  3 . 9  
7  1  1  1  3  1  0 . 1 0 8  0 . 2 1 0  6 1 . 6  2 4 . 9  2 . 5  3  .  4  
8  1  1  1  3  2  0 . 1 0 6  0 . 2 0 4  6 2 . 1  2 7 . 1  1 . 5  8  .  8  
9  1  1  1  3  3  0 . 0 8 1  0 . 2 3 0  7 1 . 1  1 7 . 9  4 . 5  4 . 0  
1 0  1  1  1  4  1  0 . 1 1 2  0 . 1 7 4  6 0 . 0  3 7 . 7  6 . 5  0 . 5  
1 1  1  1  1  4  2  0 . 1 2 6  0 . 2 4 8  5 5 .  0  1 1 . 4  0 . 8  0 . 0  
1 2  1  1  1  4  3  0 . 1 0 4  0 . 1 8 8  6 2 . 7  3 2 . 8  1 . 5  1 . 1  
1 3  1  1  2  1  1  0 . 0 8 4  0 . 2 3 1  7 0 . 0  1 7 . 4  0 . 5  2 . 4  
1 4  1  1  2  1  2  0 . 0 8 5  0 . 2 2 5  6 9 . 8  1 9 . 5  0 . 4  3  .  6  
1 5  1  1  2  1  3  0 . 0 5 3  0 . 2 8 0  8 1 . 2  0 . 1  0 . 2  0 . 0  
1 6  1  1  2  2  1  0 . 0 8 3  0 . 2 3 3  7 0 .  3  1 6 . 9  0 . 5  4 . 1  
1 7  1  1  2  2  2  0 . 0 7 6  0 . 2 3 9  7 2 . 7  1 4 . 5  0 . 7  2  .  0  
1 8  1  1  2  2  3  0 . 0 8 7  0 . 2 1 8  6 8 . 9  2 2 . 1  0 . 2  2  .  7  
1 9  1  1  2  3  1  0 . 0 7 8  0 . 1 9 3  7 2 . 2  3 1 . 2  1 . 3  4 . 4  
2 0  1  1  2  3  2  0 . 0 8 5  0 . 1 9 8  6 9 . 5  2 9 . 1  2 . 2  8 . 3  
2 1  1  1  2  3  3  0 . 0 8 9  0 . 2 0 0  6 8 . 4  2 8 . 6  0 . 9  7 . 6  
2 2  1  1  2  4  1  0 . 1 2 3  0 . 2 1 7  5 6 . 2  2 2 . 4  1 . 1  0 . 2  
2 3  1  1  2  4  2  0 . 1 5 4  0 . 2 0 7  4 5 . 0  •  2 6 . 2  0 . 4  0 . 0  
2 4  1  1  2  4  3  0 . 1 0 1  0 . 1 7 2  6 4 . 0  3 8 . 6  0 . 5  0 . 0  
2 5  1  1  3  1  1  0 . 1 3 9  0 . 2 0 7  5 0 . 5  2 6 . 0  0 . 3  3  .  6  
2 6  1  1  3  1  2  0 . 0 9 2  0 . 2 4 6  6 7 . 2  1 2 . 2  2  .  0  2  .  6  
2 7  1  1  3  1  3  0 . 1 6 4  0 . 2 9 2  4 1 . 6  0 . 0  1 . 4  0 . 0  
2 8  1  1  3  2  1  0 . 1 5 6  0 . 2 0 0  4 4 . 1  2 8 . 5  2 . 6  5 . 2  
2 9  1  1  3  2  2  0 . 1 6 1  0 . 2 8 6  4 2 . 4  0 . 0  1 . 7  0  .  0  
3 0  1  1  3  2  3  0 . 1 2 0  0 . 2 5 3  5 7 . 1  9 . 7  1 . 9  2  .  1  
3 1  1  1  3  3  1  0 . 1 2 3  0 . 2 7 4  5 6 . 0  2  .  3  6 . 6  0 . 5  
3 2  1  1  3  3  2  0 . 1 6 3  0 . 1 8 5  4 1 . 9  3 3 . 8  2 . 5  1 0 . 1  
3 3  1  1  3  3  3  0 . 1 2 3  0 . 1 9 0  5 6 . 0  3 2 . 2  2 . 9  4 . 9  
^ O B S  =  o b s e r v a t i o n ;  N  =  n i t r o g e n  r a t e  ( 1  =  n i l  a n d  
2  =  1 0 0  k g / h a ) ;  H  =  h a r v e s t ,  M  =  m i x t u r e  ( 1  =  w h i t e  
c l o v e r - t a l l  f e s c u e ,  2  =  r e d  c l o v e r - t a l l  f e s c u e ,  
3  =  b i r d s f o o t  t r e f o i l - t a l l  f e s c u e ) ;  P  =  l e g u m e  
p r o p o r t i o n ;  R  =  r e p l i c a t i o n .  
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O B S  N  H  M  P  R  A T E X L  A T E X F  N d f a  N t d f a  L N F I X  F N F I X  
3 4  1  1  3  4  1  0 . 1 8 2  0 . 2 0 7  3 4 . 9  2 6 . 1  5 . 4  1 . 2  
3 5  1  1  3  4  2  0 . 1 2 2  0 . 1 3 5  5 6 . 3  5 1 . 7  7 . 2  0 . 7  
3 6  1  1  3  4  3  0 . 1 3 6  0 . 1 6 8  5 1 . 5  4 0 . 1  1 6 . 9  2 . 0  
3 7  1  2  1  1  1  0 . 1 0 6  0 . 4 0 5  8 1 . 4  2 9 . 0  5 . 0  2 0 . 9  
3 8  1  2  1  1  2  0 . 1 1 0  0 . 4 4 1  8 0 . 7  2 2 . 7  2 8 . 7  1 2 . 8  
3 9  1  2  1  1  3  0 . 0 8 7  0 . 3 8 8  8 4 . 7  3 2 . 0  3 6 . 4  1 8 . 7  
4 0  1  2  1  2  1  0 . 0 7 1  0 . 3 0 3  8 7 . 6  4 6 . 9  2 0 . 7  4 4 . 4  
4 1  1  2  1  2  2  0 . 1 0 5  0 . 5 4 8  8 1 . 6  3 . 9  2 7 . 0  2 . 7  
4 2  1  2  1  2  3  0 . 0 8 2  0 . 5 3 7  8 5 . 6  5 . 8  3 8 . 5  4 . 4  
4 3  1  2  1  3  1  0 . 0 6 5  0 . 3 5 7  8 8 . 7  3 7 . 4  5 2 . 6  2 7 . 4  
4 4  1  2  1  3  2  0 . 0 5 7  0 . 5 2 8  9 0 . 0  7 . 3  4 3 . 8  5 . 3  
4 5  1  2  1  3  3  0 . 1 1 8  0 . 4 8 3  7 9 . 2  1 5 . 3  3 6 . 9  9 . 6  
4 6  1  2  1  4  1  0 . 0 8 2  0 . 2 4 0  8 5 . 6  5 7 . 8  3 9 . 8  2 8 . 0  
4 7  1  2  1  4  2  0 . 1 1 5  0 . 3 8 9  7 9 . 9  3 1 . 8  5 0 . 9  1 3  . 4  
4 8  1  2  1  4  3  0 . 0 8 6  0 . 4 0 5  8 4 . 8  2 9 . 0  5 6 . 9  1 6 . 1  
4 9  1  2  2  1  1  0 . 1 0 4  0 . 6 1 6  8 1 . 8  0 . 0  1 3 . 0  0 . 0  
5 0  1  2  2  1  2  0 . 0 9 6  0 . 5 3 5  8 3 . 2  6 . 1  8  .  8  4 . 0  
5 1  1  2  2  1  3  0 . 1 3 0  0 . 4 1 2  7 7 . 3  2 7 . 7  1 8 . 4  1 9 . 0  
5 2  1  2  2  2  1  0 . 0 4 6  0 . 4 6 3  9 2 . 0  1 8 . 8  3 8 . 9  1 2 . 5  
5 3  1  2  2  2  2  0 . 0 8 8  0 . 3 0 6  8 4 . 5  4 6 . 3  4 7 . 2  3 5 . 3  
5 4  1  2  2  2  3  0 . 0 2 8  0 . 4 7 1  9 5 . 1  1 7 . 3  3 2 . 9  1 0 . 7  
5 5  1  2  2  3  1  0 . 0 4 1  0 . 5 1 2  9 2 . 7  1 0 . 2  6 2 . 5  7 . 1  
5 6  1  2  2  3  2  0 . 0 2 4  0 . 4 7 0  9 5 . 7  1 7 . 6  2 7 . 1  1 0 . 6  
5 7  1  2  2  3  3  0 . 0 5 8  0 . 4 7 8  8 9 . 8  1 6 . 2  1 8 . 6  7 . 3  
5 8  1  2  2  4  1  0 . 0 5 3  0 . 3 1 1  9 0 . 6  4 5 . 5  3 9 . 2  2 3 . 9  
5 9  1  2  2  4  2  0 . 1 0 2  0 . 2 6 9  8 2 . 2  5 2 . 8  7 6 . 8  2 9 . 1  
6 0  1  2  2  4  3  0 . 0 5 2  0 . 4 3 1  9 0 . 9  2 4 . 3  1 0 7 . 5  1 0 ,  0  
6 1  1  2  3  1  1  0 . 0 8 1  0 . 4 3 3  8 5 . 8  2 4  .  0  2 8 . 6  8  . 1  
6 2  1  2  3  1  2  0 . 1 0 8  0 . 5 3 1  8 1 . 0  6 . 8  3 4 . 0  4 . 8  
6 3  1  2  3  1  3  0 . 0 9 9  0 . 5 1 8  8 2 . 7  9 . 1  3 5 . 1  5 . 6  
6 4  1  2  3  2  1  0 . 0 8 4  0 . 5 6 1  8 5 . 3  1 . 6  3 9 . 0  1 . 0  
6 5  1  2  3  2  2  0 . 0 8 4  0 . 4 3 7  8 5 . 2  2 3 . 4  4 2 . 9  1 2  .  3  
6 6  1  2  3  2  3  0 . 0 9 7  0 . 4 7 9  8 3 . 0  1 6 . 0  4 5 . 2  1 1 .  3  
6 7  1  2  3  3  1  0 . 0 7 7  0 . 4 6 1  8 6 . 5  1 9 . 1  6 9 . 4  1 3 .  1  
6 8  1  2  3  3  2  0 . 1 5 1  0 . 3 6 5  7 3 . 5  3 5 . 9  3 3 . 2  2 4  . 1  
6 9  1  2  3  3  3  0 . 1 0 1  0 . 4 8 3  8 2 . 3  1 5 . 3  6 2 . 3  1 1 .  4  
7 0  1  2  3  4  1  0 . 1 1 6  0 . 3 1 4  7 9 . 7  4 4 . 9  7 1 . 2  3 5 . 2  
7 1  1  2  3  4  2  0 . 0 9 6  0 . 2 5 3  8 3 . 2  5 5 .  6  7 5 . 1  2 5 . 8  
7 2  1  2  3  4  3  0 . 0 9 2  0 . 2 5 1  8 3 . 8  5 5 . 9  8 8  .  6  2 9 . 6  
7 3  1  3  1  1  1  0 . 2 2 2  0 . 3 8 0  5 9 . 7  3 0 . 9  0 . 9  7 . 1  
7 4  1  3  1  1  2  0 . 2 0 0  0 . 3 7 3  6 3 . 6  3 2 . 3  2 . 4  5 . 6  
7 5  1  3  1  1  3  0 . 2 0 7  0 . 3 3 9  6 2 . 4  3 8 . 3  1 . 7  6 . 9  
7 6  1  3  1  2  1  0 . 2 0 5  0 . 2 9 1  6 2 . 8  4 7 . 1  3  .  6  7 . 9  
7 7  1  3  1  2  2  0 . 1 8 0  0 . 3 5 5  6 7 . 3  3 5 . 4  5 . 5  5 . 3  
7 8  1  3  1  2  3  0 . 2 2 8  0 . 3 1 2  5 8 . 6  4 3 . 3  0 . 4  5 . 4  
8 3  
8 4  
8 5  
86 
8 7  
88 
8 9  
9 0  
9 1  
9 2  
9 3  
9 4  
9 5  
9 6  
9 7  
9 8  
9 9  
100 
101 
102 
1 0 3  
1 0 4  
1 0 5  
106 
1 0 7  
108 
1 0 9  
110 
111 
112 
1 1 3  
1 1 4  
1 1 5  
116 
1 1 7  
118 
1 1 9  
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N  H  M  P  R  A T E X L  A T E X F  N d f a  N t d f a  L N F I X  F N F I X  
1  3  1  3  1  0 . 1 7 9  0 . 3 1 4  6 7 . 5  4 2 . 9  3  .  2  1 . 9  
1  3  1  3  2  0 . 2 1 0  0 . 3 7 7  6 1 . 8  3 1 . 4  1 . 4  4 . 2  
1  3  1  3  3  0 . 2 2 6  0 . 3 7 5  5 8 . 9  3 1 . 9  2 . 9  2  .  0  
1  3  1  4  1  0 . 2 2 7  0 . 2 6 6  5 8 . 7  5 1 . 6  1 0 . 5  0  .  2  
1  3  1  4  2  0 . 1 8 6  0 . 3 7 1  6 6 . 2  3 2 . 6  6 . 9  3  .  6  
1  3  1  4  3  0 . 2 3 9  0 . 3 2 2  5 6 . 5  4 1 . 4  3  .  3  0 . 9  
1  3  2  1  1  0 . 1 7 8  0 . 3 6 8  6 7 . 6  3 3  .  0  5 . 4  7 . 0  
1  3  2  1  2  0 . 1 9 3  0 . 3 4 0  6 4 . 9  3 8 . 2  2 . 7  4 . 6  
1  3  2  1  3  0 . 1 7 0  0 . 3 0 3  6 9 . 1  4 5 . 0  1 . 0  9 . 3  
1  3  2  2  1  0 . 1 7 0  0 . 2 4 7  6 9 . 1  5 5 . 0  6 . 5  6 . 2  
1  3  2  2  2  0 . 1 8 8  0 . 3 1 5  6 5 . 8  4 2 . 6  1 . 2  5 . 6  
1  3  2  2  3  0 . 1 7 0  0 . 4 1 7  6 9 . 1  2 4 . 2  8  .  6  3  .  3  
1  3  2  3  1  0 . 2 0 3  0 . 4 5 4  6 3 . 1  1 7 . 4  8 . 6  1 . 8  
1  3  2  3  2  0 . 1 8 4  0 , 3 6 0  6 6 . 6  3 4 . 5  7 . 4  8  .  6  
1  3  2  3  3  0 . 1 7 0  0 . 3 6 5  6 9 . 1  3 3 . 7  7 . 5  4 . 2  
1  3  2  4  1  0 . 1 5 5  0 . 3 0 1  7 1 . 8  4 5 . 2  1 6 . 4  1 . 8  
1  3  2  4  2  0 . 1 7 0  0 . 4 1 9  6 9 . 1  2 3 . 9  7 . 9  0 . 5  
1  3  2  4  3  0 . 1 9 1  0 . 2 4 5  6 5 . 2  5 5 . 4  1 3 . 2  3 . 3  
1  3  3  1  1  0 . 1 8 1  0 . 3 1 5  6 7 . 0  4 2 . 8  6 . 0  4 . 1  
1  3  3  1  2  0 . 1 1 8  0 . 3 0 4  7 8 . 6  4 4 . 7  1 4 . 8  1 0 .  3  
1  3  3  1  3  0 . 1 3 0  0 . 2 7 9  7 6 . 4  4 9 .  3  4 . 5  8  .  8  
1  3  3  2  1  0 . 2 6 5  0 . 4 2 2  5 1 . 8  2 3 . 3  1 1 . 8  1 . 2  
1  3  3  2  2  0 . 1 5 4  0 . 2 7 1  7 2 .  0  5 0 . 8  1 0 . 1  7 . 7  
1  3  3  2  3  0 . 1 7 3  0 . 3 4 3  6 8  .  6  3 7 . 7  9 . 7  3  .  3  
1  3  3  3  1  0 . 2 3 9  0 . 3 7 1  5 6 .  6  3 2 . 5  1 6 . 7  1 . 3  
1  3  3  3  2  0 . 2 1 5  0 . 3 8 7  6 1 . 0  2 9 . 6  1 4 . 5  3  .  0  
1  3  3  3  3  0 . 1 6 8  0 . 4 1 5  6 9 . 5  2 4 . 6  5 . 4  3  .  4  
1  3  3  4  1  0 . 1 8 0  0 . 2 8 4  6 7 . 2  4 8 . 3  2 4 . 3  1 . 0  
1  3  3  4  2  Ô . 1 9 2  0 . 2 5 5  6 5 . 1  5 3 . 6  2 3 . 2  0 . 2  
1  3  3  4  3  0 . 2 0 1  0 . 3 4 7  6 3 . 5  3 7 .  0  2 0 . 7  0 . 2  
2  1  1  2  1  0 . 1 2 5  0 . 1 8 0  4 5 ,  7  2 1 . 9  0 . 7  9 . 5  
2  1  1  2  2  0 . 0 8 1  0 . 2 0 8  6 4 . 8  9 . 7  1 . 7  5 . 7  
2  1  1  2  3  0 . 0 7 5  0 . 2 0 8  6 7 . 3  9 . 5  0 . 9  3  .  6  
2  1  1  4  1  0 . 1 8 5  0 . 1 9 8  1 9 . 4  1 4 . 0  1 . 4  0 . 4  
2  1  1  4  2  0 . 1 1 8  0 . 2 0 6  4 8 . 7  1 0 . 5  1 . 5  0 . 3  
2  1  1  4  3  0 . 1 5 9  0 . 1 9 5  3 0 . 9  1 5 . 2  0 . 5  1 . 0  
2  1  2  2  1  0 . 1 1 6  0 . 1 9 8  4 9 . 3  1 3 . 9  0 . 4  6 . 2  
2  1  2  2  2  0 . 0 9 5  0 . 2 1 5  5 8 . 9  6 . 5  0 . 3  2 . 2  
2  1  2  2  3  0 . 1 0 4  0 . 2 3 7  5 4 . 8  0 . 0  0 . 4  0 . 0  
2  1  2  4  1  0 . 2 1 3  0 . 2 4 2  7 . 4  0 . 0  0 . 2  0 . 0  
2  1  2  4  2  0 . 1 4 1  0 . 1 9 0  3 8 . 6  1 7 .  5  1 . 1  1 . 7  
2  1  2  4  3  0 . 1 7 0  0 . 1 8 9  2 6 . 1  1 7 . 8  0 . 8  0 . 7  
2  1  3  2  1  0 . 1 4 4  0 .  1 5 9  3 7 . 5  3 1 . 0  1 . 8  1 3  . 9  
2  1  3  2  2  0 . 1 3 5  0 . 1 9 0  4 1 . 5  1 7 . 2  0 . 7  5 . 9  
2  1  3  2  3  0 . 1 4 5  0 .  1 7 5  3 6 . 9  2 3 . 8  0 . 6  6 .  6  
Table A7. Continued 
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O B S  N  H  M  P  R  A T E X L  A T E X F  N d f a  N t d f a  L N F I X  F N F I X  
1 2 4  2  1  3  4  1  0 . 2 0 0  0 . 2 0 6  1 3 . 2  1 0 . 6  2 . 5  0 . 4  
1 2 5  2  1  3  4  2  0 . 1 7 5  0 . 1 7 6  2 4 . 0  2 3 . 3  4 . 4  1 . 0  
1 2 6  2  1  3  4  3  0 . 1 9 7  0 . 1 9 2  1 4 . 3  1 6 . 7  4 . 4  1 . 3  
1 2 7  2  2  1  2  1  0 . 0 3 5  0 . 4 5 0  9 3 . 9  2 1 . 0  9 . 8  1 2 . 7  
1 2 8  2  2  1  2  2  0 . 0 7 0  0 . 4 9 1  8 7 . 8  1 3 . 8  1 4 . 9  6  .  6  
1 2 9  2  2  1  2  3  0 . 0 7 0  0 . 5 1 6  8 7 . 8  9 . 5  1 2 . 8  4 . 7  
1 3 0  2  2  1  4  1  0 . 1 0 9  0 . 2 7 1  8 0 . 9  5 2 . 5  2 9 . 1  3 1 . 4  
1 3 1  2  2  1  4  2  0 . 0 7 5  0 . 3 0 6  8 6 . 9  4 6 . 3  4 6 . 8  2 1 . 7  
1 3 2  2  2  1  4  3  0 . 0 9 4  0 . 2 8 1  8 3 . 5  5 0 . 8  1 2 . 2  2 6 . 4  
1 3 3  2  2  2  2  1  0 . 0 3 3  0 . 4 3 6  9 4 . 2  2 3  .  6  7 . 2  1 0 . 0  
1 3 4  2  2  2  2  2  0 . 0 9 4  0 . 3 8 1  8 3 . 6  3 3 . 1  6 . 9  1 2 . 9  
1 3 5  2  2  2  2  3  0 . 0 1 5  0 . 4 5 3  9 7  . 4  2 0 . 4  1 3 . 3  8 . 4  
1 3 6  2  2  2  4  1  0 . 1 1 3  0 . 4 1 5  8 0 . 1  2 7 . 2  1 1 . 3  1 4 . 9  
1 3 7  2  2  2  4  2  0 . 1 1 3  0 . 4 0 5  8 0 . 1  2 8 . 9  3 3 . 2  1 7 . 3  
1 3 8  2  2  2  4  3  0 . 1 0 1  0 . 2 2 9  8 2 . 3  5 9 . 7  2 3  .  1  3 6 . 1  
1 3 9  2  2  3  2  1  0 . 0 7 1  0 . 4 2 2  8 7 . 5  2 6 . 0  7  .  6  1 5 . 9  
1 4 0  2  2  3  2  2  0 . 1 0 8  0 . 4 1 8  8 1 . 1  2 6 . 6  3  .  3  1 2 . 4  
1 4 1  2  2  3  2  3  0 . 0 9 9  0 . 3 5 1  8 2 . 6  3 8 . 4  1 2  .  0  1 6 . 1  
1 4 2  2  2  3  4  1  0 . 0 8 7  0 . 2 9 1  8 4 . 8  4 8 . 9  5 1 . 2  2 2 . 7  
1 4 3  2  2  3  4  2  0 . 0 6 6  0 . 2 7 9  8 8 . 5  5 1 . 1  3 8 . 1  2 3  .  0  
1 4 4  2  2  3  4  3  0 . 0 4 4  0 . 3 2 0  9 2 . 3  4 3 . 9  3 4 . 5  2 0 . 3  
1 4 5  2  3  1  2  1  0 . 2 0 3  0 . 2 8 9  6 3 . 1  4 7 . 5  2 . 8  4 . 9  
1 4 6  2  3  1  2  2  0 . 2 3 2  0 . 3 3 0  5 7 . 8  3 9 . 9  4 . 0  7 . 9  
1 4 7  2  3  1  2  3  0 . 1 9 0  0 . 3 3 1  6 5 . 5  3 9 . 8  0 . 9  5 . 5  
1 4 8  2  3  1  4  1  0 . 2 1 3  0 . 3 0 2  6 1 . 3  4 5 . 1  3 . 3  0 . 7  
1 4 9  2  3  1  4  2  0 . 2 0 1  0 . 4 0 9  6 3 . 5  2 5 . 6  3  .  6  3  . 1  
150  2  3  1  4  3  0 . 1 8 1  0 . 2 5 7  6 7 . 1  5 3 . 4  6 . 1  0 . 2  
151  2  3  2  2  1  0 . 1 5 3  0 . 2 9 7  7.2 . ] 4 6 . 0  3  .  6  1 0 .  3  
152  2  3  2  2  2  0 . 1 7 3  0 . 3 7 4  6 8 . 5  3 2  .  0  2  .  3  4 . 7  
153  2  3  2  2  3  0 . 1 6 0  0 . 3 0 9  7 0 . 9  4 3 . 9  6 . 6  5 . 1  
154  2  3  2  4  1  0 . 1 8 7  0 . 2 8 7  6 5 . 9  4 7 .  8  9 . 3  1 . 4  
155  2  3  2  4  2  0 . 2 0 0  0 . 2 7 1  6 3 . 6  5 0 . 7  6 . 5  9 . 6  
156  2  3  2  4  3  0 . 1 5 7  0 . 2 4 4  7 1 . 5  5 5 .  6  1 6 .  0  3 . 4  
157  2  3  3  2  1  0 . 1 7 2  0 . 3 5 5  6 8 . 8  3 5 . 4  1 1 . 4  3 . 0  
158  2  3  3  2  2  0 . 2 4 7  0 . 3 3 4  5 5 . 0  3 9 . 3  2 . 7  4  . 1  
159  2  3  3  2  3  0 . 2 0 0  0 . 3 5 8  6 3 . 6  3 4 . 9  7  .  3  4  .  2  
160  2  3  3  4  1  0 . 2 0 1  0 . 3 6 9  6 3 . 5  3 2 . 8  1 3  .  9  2 . 4  
161  2  3  3  4  2  0 . 2 2 0  0 . 2 5 5  6 0 . 0  5 3 . 6  2 0 . 7  0 . 2  
162  2  3  3  4  3  0 . 2 3 7  0 . 4 1 7  5 6 . 9  2 4 . 2  1 1 . 4  0 . 1  
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l a y e r  o f  n o n f e r t i l i z e d  p l o t s  i n  E x p  1 .  S a m p l e s  
t a k e n  o n  5  O c t o b e r  1 9 8 3  ( N T l ) ,  a n d  o n  2  F e b r u a r y  
1 9 8 5  ( N T 2 ) a  
O B S  M  P  R  N T l  N T 2  
- 1  
k g  
1  1  1  1  2 . 4 8  2 . 3 1  
2  1  1  2  2 . 4 6  2 . 3 1  
3  1  1  3  2 . 4 4  2 . 5 0  
4  1  2  1  2 . 5 3  2 . 5 8  
5  1  2  2  2 . 4 0  2 . 5 8  
6  1  2  3  2 . 2 8  2 . 6 8  
7  1  4  1  2 . 6 4  2 . 6 6  
8  1  4  2  2 . 6 4  2 . 5 8  
9  1  4  3  2 . 6 4  2 . 5 5  
1 0  2  1  1  2 . 4 0  2 . 5 8  
1 1  2  1  2  2 . 6 5  2 . 6 1  
1 2  2  1  3  2 . 5 5  2 . 5 3  
1 3  2  2  1  2 . 2 0  2 . 5 5  
1 4  2  2  2  2 . 3 9  2 . 3 1  
1 5  2  2  3  2 . 5 5  2 . 4 2  
1 6  2  4  1  2 . 6 1  2 . 6 4  
1 7  2  4  2  2 . 4 4  2 . 3 3  
1 8  2  4  3  2 . 5 0  2 . 5 0  
1 9  3  1  1  2 . 4 1  2 . 6 9  
2 0  3  1  2  2 . 4 2  2 . 4 4  
2 1  3  1  3  2 . 5 8  2 . 5 8  
2 2  3  2  1  2 . 4 2  2 . 5 3  
2 3  3  2  2  2 . 4 3  2 . 5 3  
2 4  3  2  3  2 . 4 3  2 . 4 2  
2 5  3  4  1  2 . 6 4  2 . 8 3  
2 6  3  4  2  2 . 0 9  2 . 6 1  
2 7  3  4  3  2  .  3 3  1 . 8 9  
^ O B S  =  o b s e r v a t i o n ;  M  =  m i x t u r e  ( 1  =  w h i t e  c l o v e r - t a l l  
f e s c u e ,  2  =  r e d  c l o v e r - t a l l  f e s c u e ,  3  =  b i r d s f o o t  
t r e f o i l - t a l l  f e s c u e ) ;  P  =  l e g u m e  p r o p o r t i o n ;  R  =  
r e p l i c a t i o n .  
